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Summary {#efs24788-sec-0001}
=======

Following a request from the European Commission, the Panel on Food Additives and Nutrient Sources added to Food (ANS) was asked to re‐evaluate the safety of sorbitan monostearate (E 491), sorbitan tristearate (E 492), sorbitan monolaurate (E 493), sorbitan monooleate (E 494) and sorbitan monopalmitate (E 495) when used as a food additive.

The Panel was not provided with a newly submitted dossier and based its evaluation on previous evaluations and reviews, additional literature that has become available since then and the data available following a public call for data. The Panel noted that not all original studies on which previous evaluations were based were available for re‐evaluation by the Panel.

Sorbitan monostearate (E 491), sorbitan tristearate (E 492), sorbitan monolaurate (E 493), sorbitan monooleate (E 494) and sorbitan monopalmitate (E 495) are authorised as food additives in the European Union (EU) in accordance with Annex II and Annex III to Regulation (EC) No 1333/2008 on food additives and specific purity criteria have been defined in the Commission Regulation (EU) No 231/2012.

Toxicological data for sorbitan monostearate (E 491), sorbitan tristearate (E 492), sorbitan monolaurate (E 493), sorbitan monooleate (E 494) and sorbitan monopalmitate (E 495) were evaluated by the Scientific Committee on Food (SCF) in 1978. The Committee established an acceptable daily intake (ADI) of 25 mg/kg body weight (bw) per day for sorbitan monostearate (E 491), sorbitan tristearate (E 492) and sorbitan monopalmitate (E 495) singly or in combination. The SCF also established a separate group ADI for sorbitan monolaurate (E 493) and sorbitan monooleate (E 494) singly or in combination of 5 mg/kg bw per day calculated as sorbitan monolaurate. The latest evaluation of sorbitan monostearate (E 491), sorbitan tristearate (E 492), sorbitan monolaurate (E 493), sorbitan monooleate (E 494) and sorbitan monopalmitate (E 495) by Joint FAO/WHO Expert Committee on Food Additives (JECFA) was done in 1982 where an ADI of 0--25 mg/kg bw per day were confirmed.

There were indications from toxicokinetic studies in rats with radiolabelled sorbitan monostearate that this sorbitan ester could be either hydrolysed to its fatty acid moiety and the corresponding anhydrides of sorbitol or excreted intact in the faeces. After absorption, sorbitan and isosorbide moieties, sorbitol or metabolites thereof are excreted via urine or exhaled as carbon dioxide. The fatty acid moiety enters the endogenous metabolism of fatty acids. The Panel considered that in case intact sorbitan monostearate be absorbed it would be hydrolysed presystemically. No absorption, distribution, metabolism and excretion (ADME) data were available for E 492, E 493, E 494 and E 495. However, the Panel considered that these sorbitan esters will follow the same metabolic and excretion pathways as sorbitan monostearate (E 491).

The Panel considered the acute toxicity of sorbitan esters (E 491, E 492, E 493, E 494 and E 495) very low.

The Panel considered that in the subchronic toxicity studies on sorbitan monolaurate the effects on the weight of the kidneys, which in female rats were associated with histopathological tubular changes, could be attributed to the excretion of large quantities of the sorbitan moiety in the urine. Subchronic toxicity studies were not available or too limited for sorbitan oleate, sorbitan monostearate, sorbitan tristearate or sorbitan monopalmitate.

The Panel noted that no experimental *in vitro* and *in vivo* genotoxicity data were available for sorbitan tristearate, sorbitan monooleate, sorbitan monopalmitate and limited studies with different shortcomings were available for sodium monostearate. However, the available data for sorbitan monolaurate and the in silico evaluation were sufficient to consider that sorbitan esters -- E 491, E 492, E 493, E 494 and E 495 -- did not raise concern with respect to genotoxicity.

The Panel considered the validity of the long‐term studies performed in rats insufficient to be used for hazard characterisation. In an adequate long‐term study in mice, the no observed adverse effect level (NOAEL) was 2% in the diet (equal to 2,600 mg sorbitan monostearate/kg bw per day). Furthermore, there was no indication of carcinogenicity in long‐term studies both in mice and rats.

The Panel considered that the available reproductive and developmental toxicity studies with sorbitan monostearate have limitations but no adverse effects were reported.

The Panel considered that the available database on sorbitan monostearate (E 491) was sufficient to allocate an ADI based on the NOAEL of 2,600 mg sorbitan monostearate/kg bw per day in male mice identified in a long‐term toxicity study.

The Panel noted that the available biological and toxicological data for sorbitan tristearate (E 492), sorbitan monolaurate (E 493), sorbitan monooleate (E 494) and sorbitan monopalmitate (E 495) were limited but considered that a read across with data on sorbitan monostearate can be performed. Overall, the Panel considered that there was no need for a separate ADI for sorbitan monolaurate (E 493) and sorbitan monooleate (E 494).

Based on the NOAEL of 2,600 mg sorbitan monostearate/kg bw per day identified in a long‐term toxicity study in mice, taking into account the ratio between the molecular weight of sorbitan monostearate (430.62 g/mol) and sorbitan (164.16 g/mol), and applying an uncertainty factor of 100, the Panel derived a group ADI of 10 mg/kg bw per day, expressed as sorbitan, for sorbitan monostearate (E 491), sorbitan tristearate (E 492), sorbitan monolaurate (E 493), sorbitan monooleate (E 494) and sorbitan monopalmitate (E 495) singly or in combination. This group ADI of 10 mg sorbitan/kg bw per day is, for example, equivalent to 26 mg sorbitan monostearate/kg bw per day.

In the absence of any information on the identity(ies) of the sorbitan ester(s) on which the maximum permitted levels (MPLs) and the reported use levels were expressed, the Panel calculated the exposure to sorbitan esters (E 491--495) by assuming that they were expressed as sorbitan monostearate.

The refined exposure estimates were based on 10 out of 19 food categories in which sorbitan esters (E 491--495) are authorised. Based on the assumption that the food additives are not used in the food categories for which no usage data were provided by food industry, the refined scenario would in general result in an overestimation of exposure according to Annex II of Regulation (EC) No 1333/2008. The Panel noted that no use levels were reported for eight food categories, while information from the Mintel\'s Global New Products Database (GNPD) showed that, for five out of these eight food categories sorbitan esters (E 491--495) were labelled, representing at most 0.6% of the total food items within the food categories. Overall, the Panel considered that exposure to sorbitan esters (E 491--495) from the food categories for which no usage data were reported was likely to have negligible impact on the refined exposure assessment. The Panel also noted that other potential sources of dietary exposure (in particular according to Annex III Part 1, 2 and 5) to sorbitan esters (E 491--495) were not considered in the exposure assessment scenarios because no data were available. Analytical data on the actual presence of sorbitan esters (E 491--495) in food are needed to reduce the sources of uncertainty.

The Panel selected the *non‐brand‐loyal refined scenario* as the most relevant exposure scenario for these food additives and performed the risk characterisation by comparing the *non‐brand‐loyal scenario* exposure estimates of sorbitan esters (E 491--495) with the group ADI of 10 mg sorbitan/kg bw per day, equivalent to 26 mg sorbitan monostearate/kg bw per day. The Panel concluded that the mean and the 95th percentile level did not exceed the ADI in any of the population groups and that there is no safety concern for the use of sorbitan esters (E 491, E 492, E 493, E 494 and E 495) as food additives at the reported uses and use levels.

An additional request to remove the congealing range from the EU specifications for sorbitan monostearate (E 491), sorbitan tristearate (E 492) and sorbitan monopalmitate (E 495) was submitted to EFSA.

The applicant provided information on the composition of commercial stearic acid used for manufacturing of sorbitan monostearate (E 491) and sorbitan tristearate (E 492). As there is a lack of definition and/or specifications of 'commercial stearic acid', this appeared to contain stearic acid varying from 48.6--50.0% and palmitic acid 48.7--50.0% of the fatty acid moiety. The applicant has also demonstrated that the same samples of the food additives sorbitan monostearate (E 491) and sorbitan tristearate (E 492), when analysed by two of the few internationally available laboratories performing congealing point analysis (one internal and one external), ended up to significantly different values due to a lack of a clear and common methodology.

The Panel noted that congealing point correlates with the content of the fatty acid included in the name of the food additive, especially the content of stearic acid in sorbitan monostearate (E 491) and sorbitan tristearate (E 492). Despite the statement from the industry that nothing has changed in production process for decades, the composition of the raw materials may have changed (i.e. the content of minor constituents, i.e. the content of stearic acid in edible palmitic acid, a raw material for manufacturing of sorbitan monopalmitate (E 495)).

Overall, the Panel concluded that, this removal of the congealing range from the EU specifications would result in less characterisation of the various sorbitan esters of saturated fatty acids, but this identification parameter could be replaced by another one such as melting point.

The Panel recommended that: the European Commission should consider revising the maximum levels for sorbitan esters (E 491--495) set in Annex II to Regulation (EC) No 1333/2008 and expressing them as sorbitan equivalents.the European Commission should consider lowering the current limits for toxic elements (arsenic, cadmium, lead and mercury) in the EU specifications for sorbitan monostearate (E 491), sorbitan tristearate (E 492), sorbitan monolaurate (E 493), sorbitan monooleate (E 494) and sorbitan monopalmitate (E 495) in order to ensure that they will not be a significant source of exposure to those toxic elements in food.data on the uses and use levels as well as analytical data on the actual presence of sorbitan esters (E 491--495), including information on their use according to Annex III to Regulation 1333/2008, should be provided in order to perform a more realistic refined exposure assessment.

1. Introduction {#efs24788-sec-0003}
===============

The present opinion deals with the re‐evaluation of the safety of sorbitan monostearate (E 491), sorbitan tristearate (E 492), sorbitan monolaurate (E 493), sorbitan monooleate (E 494) and sorbitan monopalmitate (E 495) when used as food additives.

1.1. Background and Terms of Reference as provided by the European Commission {#efs24788-sec-0004}
-----------------------------------------------------------------------------

### 1.1.1. Background as provided by the European Commission {#efs24788-sec-0005}

#### 1.1.1.1. Re‐evaluation of sorbitan esters (E 491--495) as food additives {#efs24788-sec-0006}

Regulation (EC) No 1333/2008[1](#efs24788-note-1006){ref-type="fn"} of the European Parliament and of the Council on food additives requires that food additives are subject to a safety evaluation by the European Food Safety Authority (EFSA) before they are permitted for use in the European Union (EU). In addition, it is foreseen that food additives must be kept under continuous observation and must be re‐evaluated by EFSA.

For this purpose, a programme for the re‐evaluation of food additives that were already permitted in the European Union before 20 January 2009 has been set up under Regulation (EU) No 257/2010[2](#efs24788-note-1007){ref-type="fn"}. This Regulation also foresees that food additives are re‐evaluated whenever necessary in light of changing conditions of use and new scientific information. For efficiency and practical purposes, the re‐evaluation should, as far as possible, be conducted by group of food additives according to the main functional class to which they belong.

The order of priorities for the re‐evaluation of the currently approved food additives should be set on the basis of the following criteria: the time since the last evaluation of a food additive by the Scientific Committee on Food (SCF) or by EFSA, the availability of new scientific evidence, the extent of use of a food additive in food and the human exposure to the food additive taking also into account the outcome of the Report from the Commission on Dietary Food Additive Intake in the EU[3](#efs24788-note-1008){ref-type="fn"} of 2001. The report 'Food additives in Europe 2000[4](#efs24788-note-1009){ref-type="fn"} ' submitted by the Nordic Council of Ministers to the Commission, provides additional information for the prioritisation of additives for re‐evaluation. As colours were among the first additives to be evaluated, these food additives should be re‐evaluated with a highest priority.

In 2003, the Commission already requested EFSA to start a systematic re‐evaluation of authorised food additives. However, as a result of adoption of Regulation (EU) 257/2010, the 2003 Terms of References are replaced by those below.

#### 1.1.1.2. Request for EFSA to consider the information submitted by an applicant regarding the amendment of the specifications of sorbitan monostearate (E 491), sorbitan tristearate (E 492) and sorbitan monopalmitate (E 495), when providing a scientific opinion on the re‐evaluation of those three food additives {#efs24788-sec-0007}

The use of food additives is regulated under the European Parliament and Council Regulation (EC) No 1333/2008 on food additives. Only food additives that are included in the Union list, in particular in Annex II to that regulation, may be placed on the market and used in foods under the conditions of use specified therein. Moreover, food additives should comply with the specifications as referred in Article 14 of that Regulation and laid down in Commission Regulation (EU) No 231/2012[5](#efs24788-note-1010){ref-type="fn"}.

Sorbitan monostearate (E 491), sorbitan tristearate (E 492) and sorbitan monopalmitate (E 495) are currently authorised food additives in the EU, under Annex II of Regulation (EC) No 1333/2008, and specifications have been adopted for them.

The SCF assessed the information on those food additives and expressed its opinion on a report on Emulsifiers, Stabilizers, Thickeners and Gelling Agents dated from December 1978 (SCF, [1978](#efs24788-bib-0058){ref-type="ref"}).

In addition, also the Joint FAO/WHO Expert Committee on Food Additives (JECFA) assessed and established specifications for those food additives in 2006 (JECFA, [2006](#efs24788-bib-0040){ref-type="ref"}).

Commission Regulation (EU) No 257/2010 of 25 March 2010 sets up a programme for the re‐evaluation of approved food additives. This programme lays down which additives need to be re‐evaluated and the procedure, the priorities and the timelines for the re‐evaluation.

Taking into account the application that has been introduced regarding an amendment of the specifications of the additives E 491, E 492 and E 495 and the calendar of the re‐evaluation programme, in which sorbitan esters are due to be re‐evaluated by 31.12.2016, the European Commission asks EFSA to consider the information submitted by that applicant when providing a scientific opinion on the r‐evaluation of those food additives.

### 1.1.2. Terms of Reference as provided by the European Commission {#efs24788-sec-0008}

#### 1.1.2.1. Re‐evaluation of sorbitan esters (E 491--495) as food additives {#efs24788-sec-0009}

The Commission asks EFSA to re‐evaluate the safety of food additives already permitted in the Union before 2009 and to issue scientific opinions on these additives, taking especially into account the priorities, procedures and deadlines that are enshrined in the Regulation (EU) No 257/2010 of 25 March 2010 setting up a programme for the re‐evaluation of approved food additives in accordance with the Regulation (EC) No 1333/2008 of the European Parliament and of the Council on food additives.

#### 1.1.2.2. Request for EFSA to consider the information submitted by an applicant regarding the amendment of the specifications of sorbitan monostearate (E 491), sorbitan tristearate (E 492) and sorbitan monopalmitate (E 495), when providing a scientific opinion on the re‐evaluation of those three food additives {#efs24788-sec-0010}

The European Commission asks EFSA to consider the information submitted by an applicant regarding the amendment of the specifications of sorbitan monostearate (E 491), sorbitan tristearate (E 492) and sorbitan monopalmitate (E 495), when providing a scientific opinion on the re‐evaluation of those three food additives.

1.2. Information on existing evaluations and authorisations {#efs24788-sec-0011}
-----------------------------------------------------------

Sorbitan esters (E 491--495) are food additives authorised according to Annex II and Annex III of Regulation (EC) No 1333/2008. Specific purity criteria on sorbitan monostearate (E 491), sorbitan tristearate (E 492), sorbitan monolaurate (E 493), sorbitan monooleate (E 494) and sorbitan monopalmitate (E 495) have been defined in Commission Regulation (EU) No 231/2012.

In 1978, the SCF endorsed a group acceptable daily intake (ADI) established by JECFA of 25 mg/kg body weight (bw) per day (JECFA, [1974](#efs24788-bib-0037){ref-type="ref"}) for sorbitan monostearate (E 491), sorbitan tristearate (E 492) and sorbitan monopalmitate (E 495) singly or in combination. The SCF also established a separate group ADI for sorbitan monolaurate (E 493) and sorbitan monooleate (E 494) singly or in combination of 5 mg/kg bw per day. The Committee reviewed the studies of Krantz and the new short‐term studies sorbitan monolaurate (E 493) and sorbitan monooleate (E 494). On this evidence, the Committee established a 'global ADI' of 5 mg/kg bw for sorbitan monolaurate (E 493) and sorbitan monooleate (E 494) singly or in combination, calculated as sorbitan monolaurate.

JECFA assessed sorbitan monoesters of palmitic acid and stearic acid and triesters of stearic acid in [1974](#efs24788-bib-0037){ref-type="ref"} and [1982a](#efs24788-bib-0038){ref-type="ref"},[b](#efs24788-bib-0039){ref-type="ref"}. A group ADI of 0--25 mg/kg bw per day as the sum of the sorbitan esters of palmitic and stearic acid was allocated in 1974 based on a no observed adverse effect level (NOAEL) from long‐term feeding studies in rats. This ADI was confirmed by JECFA in 1982 and extended to the esters of lauric and oleic acid.

An additional review, performed by Nordic Council of Ministers concluded that the data on these substances are old and incomplete, and that there is a potential for exceeding the ADI established by JECFA (TemaNord, [2002](#efs24788-bib-0063){ref-type="ref"}).

Sorbitan monolaurate is included in the European Union Register[6](#efs24788-note-1011){ref-type="fn"} of feed additives (Regulation (EC) No 1831/2003[7](#efs24788-note-1012){ref-type="fn"}). Sorbitan monostearate, sorbitan tristearate, sorbitan monolaurate, sorbitan monooleate and sorbitan monopalmitate are permitted as 'emulsifying' in cosmetic products (European Commission database‐CosIng[8](#efs24788-note-1013){ref-type="fn"}).

2. Data and methodologies {#efs24788-sec-0012}
=========================

2.1. Data {#efs24788-sec-0013}
---------

The Panel on Food Additives and Nutrient Sources added to Food (ANS) was not provided with a newly submitted dossier. EFSA launched public calls for data[9](#efs24788-note-1014){ref-type="fn"} ^,^ [10](#efs24788-note-1015){ref-type="fn"} ^,^ [11](#efs24788-note-1016){ref-type="fn"} to collect information from interested parties.

The Panel based its assessment on information submitted to EFSA following the public calls for data, information from previous evaluations and additional available literature up to February 2017. Attempts were made at retrieving relevant original study reports on which previous evaluations or reviews were based, however not always these were available to the Panel.

The EFSA Comprehensive European Food Consumption Database (Comprehensive Database[12](#efs24788-note-1017){ref-type="fn"}) was used to estimate the dietary exposure.

The Mintel\'s Global New Products Database (GNPD) is an online resource listing food products and compulsory ingredient information that should be included in labelling. This database was used to verify the use of sorbitan esters (E 491--495) in food products.

2.2. Methodologies {#efs24788-sec-0014}
------------------

This opinion was formulated following the principles described in the EFSA Guidance on transparency with regard to scientific aspects of risk assessment (EFSA Scientific Committee, [2009](#efs24788-bib-0023){ref-type="ref"}) and following the relevant existing guidance documents from the EFSA Scientific Committee.

The ANS Panel assessed the safety of sorbitan monostearate (E 491), sorbitan tristearate (E 492), sorbitan monolaurate (E 493), sorbitan monooleate (E 494), and sorbitan monopalmitate (E 495) as food additives in line with the principles laid down in Regulation (EU) 257/2010 and in the relevant guidance documents: Guidance on submission for food additive evaluations by the Scientific Committee on Food (SCF, [2001](#efs24788-bib-0502){ref-type="ref"}) and taking into consideration the Guidance for submission for food additive evaluations in 2012 (EFSA ANS Panel, [2012](#efs24788-bib-0014){ref-type="ref"}).

When the test substance was administered in the feed or in the drinking water, but doses were not explicitly reported by the authors as mg/kg bw per day based on actual feed or water consumption, the daily intake was calculated by the Panel using the relevant default values as indicated in the EFSA Scientific Committee Guidance document (EFSA Scientific Committee, [2012](#efs24788-bib-0024){ref-type="ref"}) for studies in rodents or, in the case of other animal species, by JECFA ([2000](#efs24788-bib-0501){ref-type="ref"}). In these cases, the daily intake is expressed as 'equivalent'.

Dietary exposure to sorbitan esters (E 491--495) from their use as food additives was estimated combining food consumption data available within the EFSA Comprehensive European Food Consumption Database with the maximum permitted levels according to Annex II to Regulation (EC) No 1333/2008 and/or reported use levels submitted to EFSA following a call for data. Different scenarios were used to calculate the exposure (see Section [3.3.1](#efs24788-sec-0028){ref-type="sec"}). Uncertainties on the exposure assessment were identified and discussed.

3. Assessment {#efs24788-sec-0015}
=============

3.1. Technical data {#efs24788-sec-0016}
-------------------

### 3.1.1. Identity of the substances {#efs24788-sec-0017}

Sorbitan as such is an intermediate in the conversion (via dehydration) of sorbitol to isosorbide. Pathways for sorbitol dehydration have been described by Yamaguchi et al. ([2011](#efs24788-bib-0073){ref-type="ref"}). The dehydration reaction usually produces sorbitan as a mixture of five‐ and six‐membered cyclic ethers (sorbitol, 1,4‐anhydrosorbitol, 1,5‐anhydrosorbitol, 2,5‐monoanhydrosorbitol, 3,6‐monoanhydrosorbitol and 1,4,3,6‐dianhydrosorbitol (isosorbide)) with the five‐membered 1,4‐anhydrosorbitol (1,4‐sorbitan) being the dominate product (see also Section [3.1.3](#efs24788-sec-0020){ref-type="sec"}) The rate of formation of sorbitan is typically greater than that of isosorbide, which allows it to be produced selectively, provided that the reaction conditions are carefully controlled. The reaction sequence is shown in Figure [1](#efs24788-fig-0001){ref-type="fig"}.

![Dehydration reaction steps of sorbitol (adapted from Li et al., [2013](#efs24788-bib-0048){ref-type="ref"}; Published by The Royal Society of Chemistry, CC BY 3.0)](EFS2-15-e04788-g001){#efs24788-fig-0001}

Fatty acid esters of sorbitan fatty acid are non‐ionic, partial esters of the common fatty acids (lauric, palmitic, stearic and oleic) and hexitol anhydrides derived from sorbitol. Commercial products may be mixtures of fatty acid esters of 1,4‐ and 1,5‐anhydrosorbitol and 1,4,3,6‐dianhydrosorbitol. The Panel noted that the position of the fatty acid moiety in the sorbitan fatty acid molecule is undefined.

According to Commission Regulation (EU) No 231/2012, only the sorbitan esters -- sorbitan monostearate (E 491), sorbitan tristearate (E 492), sorbitan monolaurate (E 493), sorbitan monooleate (E 494) and sorbitan monopalmitate (E 495) -- are allowed to be used as food additives. The identity of the food additives is given in Table [1](#efs24788-tbl-0001){ref-type="table"}.

###### 

Identity of the sorbitan esters (E 491 -- 495)

                                                         Sorbitan monostearate (E 491)          Sorbitan tristearate (E 492)          Sorbitan monolaurate (E 493)         Sorbitan monooleate (E 494)                      Sorbitan monopalmitate (E 495)
  ------------------------------------------------------ -------------------------------------- ------------------------------------- ------------------------------------ ------------------------------------------------ ---------------------------------------
  **Synonyms** [a](#efs24788-note-0007){ref-type="fn"}   Sorbitan, monooctadecanoate; Span 60   Sorbitan, trioctadecanoate; Span 65   Sorbitan, monododecanoate; Span 20   Sorbitan, mono‐(9*Z*)‐9‐octadecenoate; Span 80   Sorbitan, mono‐hexadecanoate; Span 40
  **CAS Registry Number**                                1338‐41‐6                              26658‐19‐5                            1338‐39‐2                            1338‐43‐8                                        26266‐57‐9
  **EINECS**                                             215‐664‐9                              247‐891‐4                             215‐663‐3                            215‐665‐4                                        247‐568‐8
  **Molecular formula**                                  C~24~H~46~O~6~                         C~60~H~114~O~8~                       C~18~H~34~O~6~                       C~24~H~44~O~6~                                   C~22~H~42~O~6~
  **Molecular weight (g/mol)**                           430.62                                 963.56                                346.46                               428.60                                           402.57

CAS: Chemical Abstracts Service; EINECS: European Inventory of Existing Chemical Substances.

Most common synonyms (SciFinder^®^, online).

John Wiley & Sons, Ltd

The Panel noted that the sorbitan moiety of sorbitan esters (E 491--495) contains four chiral centres (i.e. asymmetrically substituted carbon atoms). Accordingly, it could theoretically exist 16 (2^4^) different optical isomers. Furthermore, according to Thyssen and Andersen ([1998](#efs24788-bib-0064){ref-type="ref"}), a sorbitan ester may include more than 200 possible congeners. The Panel also noted that the stereochemical composition of the sorbitan esters (E 491--495) is not specified in Commission Regulation (EU) No 231/2012.

Their structural formulae are presented in Figure [2](#efs24788-fig-0002){ref-type="fig"}:

![General structural formulae for sorbitan esters (E 491--495)^(a)^ ^(a)^ The Panel noted that in Figure [1](#efs24788-fig-0001){ref-type="fig"} only 1 (sorbitan form) out of three forms (sorbitol, sorbitan and isosorbide esters) is presented.](EFS2-15-e04788-g002){#efs24788-fig-0002}

### 3.1.2. Specifications {#efs24788-sec-0018}

Specifications of the sorbitan fatty acid esters sorbitan monostearate (E 491), sorbitan tristearate (E 492), sorbitan monolaurate (E 493), sorbitan monooleate (E 494) and sorbitan monopalmitate (E 495) have been defined in Commission Regulation No 231/2012 and by JECFA ([2006](#efs24788-bib-0040){ref-type="ref"}), as described in Tables [2](#efs24788-tbl-0002){ref-type="table"}--[6](#efs24788-tbl-0006){ref-type="table"}.

###### 

Specifications of sorbitan monostearate (E 491) according to Commission Regulation (EU) No 231/2012 and JECFA ([2006](#efs24788-bib-0040){ref-type="ref"})

                                 Commission Regulation No 231/2012                                                                                                                                                                                                                                                                                 JECFA ([2006](#efs24788-bib-0040){ref-type="ref"})
  ------------------------------ ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  **Definition**                 A mixture of the partial esters of sorbitol and its anhydrides with edible, commercial stearic acid                                                                                                                                                                                                               
  **Assay**                      Content not less than 95% of a mixture of sorbitol, sorbitan, and isosorbide esters                                                                                                                                                                                                                               Saponification of 100 g of the sample yields approximately 31.5 g of polyols and 73 g of fatty acid. The polyol content shall be not less than 95% of a mixture of sorbitol, 1,4‐sorbitan and isosorbide
  **Description**                Light cream‐ to tan‐coloured beads or flakes or a hard, waxy solid with a slight characteristic odour                                                                                                                                                                                                             
  **Identification**                                                                                                                                                                                                                                                                                                                               
  Solubility                     Soluble at temperatures above its melting point in toluene, dioxane, carbon tetrachloride, ether, methanol, ethanol and aniline; insoluble in petroleum ether and acetone; insoluble in cold water but dispersible in warm water; soluble with haze at temperatures above 50°C in mineral oil and ethyl acetate   Soluble at temperatures above its melting point in toluene, dioxane, carbon tetrachloride, ether, methanol, ethanol and aniline; insoluble in petroleum ether and acetone; insoluble in cold water but dispersible in warm water; soluble with haze at temperatures above 50°C in mineral oil and ethyl acetate
  Congealing range               50--52°C                                                                                                                                                                                                                                                                                                          50--52°C
  Infrared absorption spectrum   Characteristic of a partial fatty acid ester of a polyol                                                                                                                                                                                                                                                          The infrared spectrum of the sample is characteristic of a partial fatty acid ester of a polyol
  **Purity**                                                                                                                                                                                                                                                                                                                                       
  Water content                  Not more than 2% (Karl Fischer method)                                                                                                                                                                                                                                                                            Not more than 1.5% (Karl Fischer Method)
  Sulfated ash                   Not more than 0.5%                                                                                                                                                                                                                                                                                                --
  Acid value                     Not more than 10                                                                                                                                                                                                                                                                                                  Not less than 5 and not more than 10
  Saponification value           Not less than 147 and not more than 157                                                                                                                                                                                                                                                                           Not less than 147 and not more than 157
  Hydroxyl value                 Not less than 235 and not more than 260                                                                                                                                                                                                                                                                           Not less than 235 and not more than 260
  Arsenic                        Not more than 3 mg/kg                                                                                                                                                                                                                                                                                             --
  Lead                           Not more than 2 mg/kg                                                                                                                                                                                                                                                                                             Not more than 2 mg/kg
  Mercury                        Not more than 1 mg/kg                                                                                                                                                                                                                                                                                             --
  Cadmium                        Not more than 1 mg/kg                                                                                                                                                                                                                                                                                             --

John Wiley & Sons, Ltd

###### 

Specifications of sorbitan tristearate (E 492) according to Commission Regulation (EU) No 231/2012 and JECFA ([2006](#efs24788-bib-0040){ref-type="ref"})

                                 Commission Regulation No 231/2012                                                                                                                                                                        JECFA ([2006](#efs24788-bib-0040){ref-type="ref"})
  ------------------------------ -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  **Definition**                 A mixture of the partial esters of sorbitol and its anhydrides with edible, commercial stearic acid                                                                                                      
  Assay                          Content not less than 95% of a mixture of sorbitol, sorbitan, and isosorbide esters                                                                                                                      Saponification of 100 g of the product shall yield not less than 14 g and not more than 21 g of polyols and not less than 85 g and not more than 92 g of fatty acids; and the polyol content shall be not less than 95% of a mixture of sorbitol, 1,4‐sorbitan and isosorbide
  **Description**                Light cream‐ to tan‐coloured beads or flakes or hard, waxy solid with a slight odour                                                                                                                     
  **Identification**                                                                                                                                                                                                                      
  Solubility                     Slightly soluble in toluene, ether, carbon tetrachloride and ethyl acetate; dispersible in petroleum ether, mineral oil, vegetable oils, acetone and dioxane; insoluble in water, methanol and ethanol   Slightly soluble in toluene, ether, carbon tetrachloride and ethyl acetate; dispersible in petroleum ether, mineral oil, vegetable oils, acetone and dioxane; insoluble in water, methanol and ethanol
  Congealing range               47--50°C                                                                                                                                                                                                 47--50°C
  Infrared absorption spectrum   Characteristic of a partial fatty acid ester of a polyol                                                                                                                                                 --
  **Purity**                                                                                                                                                                                                                              
  Water content                  Not more than 2% (Karl Fischer method)                                                                                                                                                                   Not more than 1.5% (Karl Fischer Method)
  Sulfated ash                   Not more than 0.5%                                                                                                                                                                                       Not more than 0.5%
  Acid value                     Not more than 15                                                                                                                                                                                         Not more than 15
  Saponification value           Not less than 176 and not more than 188                                                                                                                                                                  Not less than 176 and not more than 188
  Hydroxyl value                 Not less than 66 and not more than 80                                                                                                                                                                    Not less than 66 and not more than 80
  Arsenic                        Not more than 3 mg/kg                                                                                                                                                                                    --
  Lead                           Not more than 2 mg/kg                                                                                                                                                                                    Not more than 2 mg/kg
  Mercury                        Not more than 1 mg/kg                                                                                                                                                                                    --
  Cadmium                        Not more than 1 mg/kg                                                                                                                                                                                    --

John Wiley & Sons, Ltd

###### 

Specifications of sorbitan monolaurate (E 493) according to Commission Regulation (EU) No 231/2012 and JECFA ([2006](#efs24788-bib-0040){ref-type="ref"})

                                 Commission Regulation No 231/2012                                                                                            JECFA ([2006](#efs24788-bib-0040){ref-type="ref"})
  ------------------------------ ---------------------------------------------------------------------------------------------------------------------------- ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  **Definition**                 A mixture of the partial esters of sorbitol and its anhydrides with edible, commercial lauric acid                           
  Assay                          Content not less than 95% of a mixture of sorbitol, sorbitan, and isosorbide esters                                          Saponification of 100 g of the sample yields not less than 36 g and not more than 49 g of polyols, and not less than 56 g and not more than 68 g of fatty acids. The polyol content shall be not less than 95% of a mixture of sorbitol, 1,4‐sorbitan and isosorbide
  **Description**                Amber‐coloured oily viscous liquid, light cream‐ to tan‐coloured beads or flakes or a hard, waxy solid with a slight odour   
  **Identification**                                                                                                                                          
  Solubility                     Dispersible in hot and cold water                                                                                            Dispersible in hot and cold water
  Infrared absorption spectrum   Characteristic of a partial fatty acid ester of a polyol                                                                     --
  **Purity**                                                                                                                                                  
  Water content                  Not more than 2% (Karl Fischer method)                                                                                       Not more than 2% (Karl Fischer method)
  Sulfated ash                   Not more than 0.5%                                                                                                           Not more than 0.5%
  Acid value                     Not more than 7                                                                                                              Not more than 7
  Saponification value           Not less than 155 and not more than 170                                                                                      Not less than 155 and not more than 170
  Hydroxyl value                 Not less than 330 and not more than 358                                                                                      Not less than 330 and not more than 358
  Arsenic                        Not more than 3 mg/kg                                                                                                        --
  Lead                           Not more than 2 mg/kg                                                                                                        Not more than 2 mg/kg
  Mercury                        Not more than 1 mg/kg                                                                                                        --
  Cadmium                        Not more than 1 mg/kg                                                                                                        --

John Wiley & Sons, Ltd

###### 

Specifications of sorbitan monooleate (E 494) according to Commission Regulation (EU) No 231/2012 and JECFA ([2006](#efs24788-bib-0040){ref-type="ref"})

                         Commission Regulation No 231/2012                                                                                                                                                                                                             JECFA ([2006](#efs24788-bib-0040){ref-type="ref"})
  ---------------------- --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  **Definition**         A mixture of the partial esters of sorbitol and its anhydrides with edible, commercial oleic acid. Major constituent is 1,4‐sorbitan monooleate. Other constituents include isosorbide monooleate, sorbitan dioleate and sorbitan trioleate   
  Assay                  Content not less than 95% of a mixture of sorbitol, sorbitan, and isosorbide esters (E 491)                                                                                                                                                   Saponification of 100 g of the sample yields not less than 28 g and not more than 32 g of polyols, and not less than 73 g and not more than 77 g of fatty acids. The polyol content shall be not less than 95% of a mixture of sorbitol, 1,4‐sorbitan and isosorbide
  **Description**        Amber‐coloured viscous liquid, light cream‐ to tan‐coloured beads or flakes or a hard, waxy solid with a slight characteristic odour                                                                                                          
  **Identification**                                                                                                                                                                                                                                                   
  Solubility             Soluble at temperatures above its melting point in ethanol, ether, ethyl acetate, aniline, toluene, dioxane, petroleum ether and carbon tetrachloride. Insoluble in cold water, dispersible in warm water                                     Soluble at temperatures above its melting point in ethanol, ether, ethyl acetate, aniline, toluene, dioxane, petroleum ether and carbon tetrachloride; insoluble in cold water, dispersible in warm water
  Iodine value           The residue of oleic acid, obtained from the saponification of the sorbitan monooleate in assay, has a iodine value between 80 and 100                                                                                                        The residue of oleic acid, obtained from the saponification of the sorbitan monooleate in assay, has a iodine value between 80 and 100
  **Purity**                                                                                                                                                                                                                                                           
  Water                  Not more than 2% (Karl Fischer method)                                                                                                                                                                                                        Not more than 2% (Karl Fischer method)
  Sulfated ash           Not more than 0.5%                                                                                                                                                                                                                            Not more than 0.5%
  Acid value             Not more than 8                                                                                                                                                                                                                               Not more than 8
  Saponification value   Not less than 145 and not more than 160                                                                                                                                                                                                       Not less than 145 and not more than 160
  Hydroxyl value         Not less than 193 and not more than 210                                                                                                                                                                                                       Not less than 193 and not more than 210
  Arsenic                Not more than 3 mg/kg                                                                                                                                                                                                                         --
  Lead                   Not more than 2 mg/kg                                                                                                                                                                                                                         Not more than 2 mg/kg
  Mercury                Not more than 1 mg/kg                                                                                                                                                                                                                         --
  Cadmium                Not more than 1 mg/kg                                                                                                                                                                                                                         --

John Wiley & Sons, Ltd

###### 

Specifications of sorbitan monopalmitate (E 495) according to Commission Regulation (EU) No 231/2012 and JECFA ([2006](#efs24788-bib-0040){ref-type="ref"})

                                 Commission Regulation No 231/2012                                                                                                                                                                                        JECFA ([2006](#efs24788-bib-0040){ref-type="ref"})
  ------------------------------ ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------ ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  **Definition**                 A mixture of the partial esters of sorbitol and its anhydrides with edible, commercial palmitic acid                                                                                                                     
  Assay                          Content not less than 95% of a mixture of sorbitol, sorbitan, and isosorbide esters                                                                                                                                      Saponification of 100 g of the sample yields approximately 37 g of polyols and 65 g of fatty acid. The polyol content shall be approximately 95% of a mixture of sorbitol, 1,4‐sorbitan and isosorbide
  **Description**                Light cream‐ to tan‐coloured beads or flakes or a hard, waxy solid with a slight characteristic odour                                                                                                                    
  **Identification**                                                                                                                                                                                                                                      
  Solubility                     Soluble at temperatures above its melting point in ethanol, methanol, ether, ethyl acetate, aniline, toluene, dioxane, petroleum ether and carbon tetrachloride. Insoluble in cold water but dispersible in warm water   Soluble at temperatures above its melting point in ethanol, methanol, ether, ethyl acetate, aniline, toluene, dioxane, petroleum ether and carbon tetrachloride; insoluble in cold water but dispersible in warm water
  Congealing range               45--47°C                                                                                                                                                                                                                 45--47°C
  Infrared absorption spectrum   Characteristic of a partial fatty acid ester of polyol                                                                                                                                                                   The infrared spectrum of the sample is characteristic of a partial fatty acid ester of a polyol
  **Purity**                                                                                                                                                                                                                                              
  Water                          Not more than 2% (Karl Fischer method)                                                                                                                                                                                   Not more than 1.5% (Karl Fischer Method)
  Sulfated ash                   Not more than 0.5%                                                                                                                                                                                                       
  Acid value                     Not more than 7.5                                                                                                                                                                                                        Not less than 4.0 and not more than 7.5
  Saponification value           Not less than 140 and not more than 150                                                                                                                                                                                  Not less than 140 and not more than 150
  Hydroxyl value                 Not less than 270 and not more than 305                                                                                                                                                                                  Not less than 270 and not more than 305
  Arsenic                        Not more than 3 mg/kg                                                                                                                                                                                                    --
  Lead                           Not more than 2 mg/kg                                                                                                                                                                                                    Not more than 2 mg/kg
  Mercury                        Not more than 1 mg/kg                                                                                                                                                                                                    --
  Cadmium                        Not more than 1 mg/kg                                                                                                                                                                                                    --

John Wiley & Sons, Ltd

The Panel noted that, according to the EU specifications for sorbitan monostearate (E 491), sorbitan tristearate (E 492), sorbitan monolaurate (E 493), sorbitan monooleate (E 494) and sorbitan monopalmitate (E 495), impurities of the toxic elements arsenic, cadmium, lead and mercury are accepted up concentrations of 3, 1, 2 and 1 mg/kg, respectively. Contamination at those levels could have a significant impact on the exposure already are close to the health based guidance values or benchmark doses (lower confidence limits) established by EFSA (EFSA CONTAM Panel, [2009a](#efs24788-bib-0016){ref-type="ref"},[b](#efs24788-bib-0017){ref-type="ref"}, [2010](#efs24788-bib-0018){ref-type="ref"}, [2012a](#efs24788-bib-0019){ref-type="ref"},[b](#efs24788-bib-0020){ref-type="ref"},[c](#efs24788-bib-0021){ref-type="ref"}, [2014](#efs24788-bib-0022){ref-type="ref"}).

The Panel noted that according to the EU specifications there is no information on the stereochemistry of sorbitol, sorbitans and isosorbides.

#### 3.1.2.1. Request for the amendment of the EU specifications of sorbitan monostearate (E 491), sorbitan tristearate (E 492) and sorbitan monopalmitate (E 495) {#efs24788-sec-0019}

Congealing range is included in the identification of the EU specifications for sorbitan monostearate (E 491), sorbitan tristearate (E 492) and sorbitan monopalmitate (E 495) because they are waxy solids, while for sorbitan monolaurate (E 493) and sorbitan monooleate (E 494) being liquids, no congealing range is included in the EU specifications.

Food additiveCongealing range (Commission Regulation (EU) No 231/2012)E 49150--52°CE 49247--50°CE 49545--47°C

The applicant requested to remove the congealing range from the EU specifications for sorbitan monostearate (E 491), sorbitan tristearate (E 492) and sorbitan monopalmitate (E 495) as justified:

'As the precision of the analytical method is poor it is not suitable for distinguishing between various sorbitan esters'.'No Contract Research Laboratory which could analyse congealing range according to JECFA method has been found'.'The gap in congealing range between E 491 and E 495 is not logical due to variations in palmitic and stearic acid in commercially available fatty acid raw materials'.'The congealing range does not add extra information as two other identification methods are available (solubility and IR)'.

The applicant provided additional information on the composition of commercial stearic acid used for manufacturing of sorbitan monostearate (E 491) and sorbitan tristearate (E 492) (Documentation provided to EFSA n. 25). As there is a lack of definition and/or specifications of 'commercial stearic acid', this appeared to contain stearic acid varying from 48.6--50.0% and palmitic acid 48.7--50.0% of the fatty acid moiety.

The applicant has also demonstrated that the same samples of the food additives sorbitan monostearate (E 491) and sorbitan tristearate (E 492), when analysed by two of the few internationally available laboratories performing congealing point analysis (one internal and one external), ended up to significantly different values due to a lack of a clear and common methodology.

The Panel noted that:

the aim of a specification is to establish physicochemical properties of the food additives.according to Regulation (EU) 231/2012 (recital (3)) 'It is necessary to take into account the specifications and analytical techniques as set out in the Codex Alimentarius drafted by the Joint FAO/WHO Expert Committee on Food Additives (hereafter JECFA)'. Therefore, when a JECFA method cannot be used, an alternative method can be used, e.g. the one described in the pharmacopoeia as suggested by the applicant. Nevertheless, a lack of a common methodology could lead to difficulties to conclude on the conformity of the analytical sample of the food additive with EU specifications.if variations in the ratio of stearic acid in palmitic acid are high enough to result in a non‐conformity with the criterion on congealing range, those food additives do not comply with EU specifications, and are out of the scope of the re‐evaluation. Nevertheless, if the purity of the product tested in the pivotal study could also cover those products, the conclusion could be expanded in order to include also those products.according to the EU specifications for sorbitan monostearate (E 491), sorbitan tristearate (E 492) and sorbitan monopalmitate (E 495), the infrared (IR) absorption spectrum is described as 'characteristic of a partial fatty acid ester of a polyol' for all of them. Therefore, the description of the IR absorption spectrum is very general and cannot be used to distinguish between the different sorbitan esters.

According to the applicant (Documentation provided to EFSA n. 24), the request to remove the congealing range from the EU specifications has not an impact in the safety of the substance due to:

'The products are produced according to the legislation';'Nothing has been changed in production process for decades';'Congealing range is not included in Japanese legislation';'The EU specifications for E 493 and E 494 do not include the congealing range'.

The applicant remarked that the SCF ([1978](#efs24788-bib-0058){ref-type="ref"}) opinion indicated that 'The Committee was informed that the toxicological evaluations on sorbitan monopalmitate and sorbitan tristearate were carried out on material conforming to the FAO specifications, in the case of sorbitan monostearate on material conforming to the specifications in the Food Chemicals Codex 1972'. The Panel noted that the JECFA specifications for sorbitan monopalmitate (E 495) and sorbitan tristearate (E 492) contain the congealing range; whilst the Food Chemical Codex ([2010--2011](#efs24788-bib-0028){ref-type="ref"}) does not specify the congealing range for sorbitan monostearate (E 491).

The Panel noted that:

based on the information provided, congealing point correlates with the content of the fatty acid included in the name of the food additive, especially the content of stearic acid in sorbitan monostearate (E 491) and sorbitan tristearate (E 492).If the reference to congealing point would be deleted, the product would become less identifiable and the only remaining criterion, solubility, may not be sufficient to distinguish those products.Despite the statement by the applicant that nothing has changed in production process for decades, the Panel noted that the composition of the raw materials may have changed (i.e. the content of minor constituents, i.e. the content of stearic acid in edible palmitic acid, a raw material for manufacturing of sorbitan monopalmitate (E 495)).'Commercial stearic acid' mentioned as a starting material in the definition of the EU specifications of the food additives sorbitan monostearate (E 491) and sorbitan tristearate (E 492) appeared to consist only of 50% stearic acid. Under consideration that the rest of the starting material 'commercial stearic acid' consists mainly of palmitic acid, the use of the food additive sorbitan monostearate (E 491) and sorbitan tristearate (E 492), containing an equimolecular mixture of stearic and palmitic acid, would not raise a safety concern regarding their fatty acid moiety. Nevertheless, the fact that the food additive sorbitan monostearate (E 491) could consist of sorbitan monostearate and monopalmitate in equal amounts, and that sorbitan tristearate (E 492) consists of sorbitan tristearate and tripalmitate in equal amounts, would mislead consumers regarding the nature and identity of the food additive according to Regulation (EU) No 1169/2011[13](#efs24788-note-1018){ref-type="fn"}.(article 7 paragraph 1 (a)). Furthermore, as no data on the fatty acid composition of the food additive sorbitan monopalmitate (E 495) have been provided to the Panel, it cannot be excluded that sorbitan monostearate (E 491) and sorbitan monopalmitate (E 495) are identical.Finally, if there is still a need to differentiate between sorbitan monostearate (E 491) and sorbitan monopalmitate (E 495) or to restrict the content of fatty acids others than stearic acid for sorbitan tristearate (E 492), congealing range could be replaced by another identification parameter such as melting range.

### 3.1.3. Manufacturing process {#efs24788-sec-0020}

The sorbitan esters of fatty acids are obtained by direct esterification of commercial, food‐grade stearic, lauric, oleic or palmitic acid with food‐grade sorbitol (SCF, [1978](#efs24788-bib-0058){ref-type="ref"}; CIR, [1985](#efs24788-bib-0008){ref-type="ref"}; TemaNord, [2002](#efs24788-bib-0063){ref-type="ref"}; Cottrell and van Peij, [2015](#efs24788-bib-0009){ref-type="ref"}).

According to the EU specifications for sorbitan esters (E 491--495), commercial stearic, palmitic, lauric or oleic acid can be used as a starting material for the production of the food additives. According to information from EFEMA (Technical dossier \[Documentation provided to EFSA n. 24\]), commercial stearic acid which is used for the productions of the food additives may contain up to 48.7--50.0% palmitic acid. No information has been provided on the purity of commercial palmitic, lauric and oleic acid.

According to Cottrell and van Peij ([2015](#efs24788-bib-0009){ref-type="ref"}), sorbitan esters of fatty acids are derived from a reaction of sorbitol and a commercial grade fatty acid. Sorbitol is produced from [d]{.smallcaps}‐glucose which is obtained from maize or tapioca. The purity of the fatty acids depends on the raw material source as well as on the manufacturing process, fatty acids derived from vegetable sources being the most used. Sorbitan esters are produced by direct esterification of sorbitol with fatty acids. Usually, an acidic catalyst such as phosphoric acid, and a caustic soda‐type catalyst are used together. The final sorbitan ester is not a pure compound but 'a heterodispersed soup of components, all related but dissimilar'.

Stockburger ([1981](#efs24788-bib-0059){ref-type="ref"}) described a process in which sorbitan fatty acid esters were prepared from anhydro sorbitols as staring material. Dehydration of sorbitol was carried out at about 120°C, under reduced pressure (e.g. 5 mm absolute), in the presence of *p*‐toluenesulfonic acid as the acid catalyst. According to the authors, dehydro sorbitols so obtained were a mixture of sorbitans containing 1,4‐sorbitan, 2,5‐sorbitan and 3,6‐sorbitan, with small amounts of isosorbide and unreacted sorbitol; 1,4‐sorbitan is the largest constituent of the dehydro sorbitol. Dehydro sorbitans were then reacted under an inert atmosphere (nitrogen), in an anhydrous medium in the presence of the appropriate fatty acids. Sodium hydroxide was used as catalyst and activated carbon was added as decolourising agent. According to the author, the reaction temperature should not exceed 215°C. Required reaction times are about 2.5--5 h. After completion, the reaction was terminated by cooling down the reaction product mixture and adding a small amount of phosphoric acid sufficient to neutralise the alkali present. The products obtained by the process were mixtures of sorbitan esters of fatty acids; it is indicated by the author that also some sorbitol and sorbide esters were present.

### 3.1.4. Methods of analysis in food {#efs24788-sec-0021}

Several publications are available for the analysis of sorbitan esters in food. An overview of the methods is given by Wood et al. ([2004](#efs24788-bib-0072){ref-type="ref"}).

#### 3.1.4.1. Gas chromatography (GC) {#efs24788-sec-0022}

Sahasrabudhe and Chadha ([1969](#efs24788-bib-0057){ref-type="ref"}) described a procedure for the separation and identification of sorbitan esters, which had been synthesised in the laboratory. The final step of identification has been carried out by GC as trimethylsilyl ethers, after a thin‐layer chromatography (TLC) separation. No information was given on limits of detection (LODs). No real food samples were tested.

Lundquist and Meloan ([1971](#efs24788-bib-0049){ref-type="ref"}) analysed samples of whipped cream spiked with sorbitan monostearate. The esters were extracted, saponified and the polyol formed was measured via GC on a polar column without derivatisation. Only one out of the three expected peaks of polyols (sorbitol, isosorbide and sorbitan) appeared in the chromatogram. No information was given on the performance of the method.

Tsuda et al. ([1984](#efs24788-bib-0066){ref-type="ref"}) analysed confectionery samples spiked with sorbitan monostearate by using saponification, followed by a derivatisation of sorbitan, isosorbide and sorbitol, and GC analysis. The LOD was 0.01% equal to 100 mg/kg.

An alternative approach for sorbitan esters involved extraction with tetrahydrofuran and purification by silica gel chromatography. After clean‐up with solvents, sorbitan esters were eluted with methanol, converted to their trimethylsilyl ether derivatives and determined by GC. The performance of the method in ice cream was reported as obtaining a recovery of \> 90%, with a LOD of 50 ppm (Yomota et al., [1986](#efs24788-bib-0074){ref-type="ref"}; Burch et al., [2007](#efs24788-bib-0004){ref-type="ref"}).

#### 3.1.4.2. High‐performance liquid chromatography (HPLC) {#efs24788-sec-0023}

Garti et al. ([1983](#efs24788-bib-0029){ref-type="ref"}) have performed an analysis of the pure food additives sorbitan monostearate, sorbitan tristearate and sorbitan monooleate via HPLC, where the proportions of the various constituents of the food additives could be demonstrated. No real food samples were tested.

A reversed‐phase HPLC method employing a CIS column has been developed by Wang and Fingas ([1994a](#efs24788-bib-0068){ref-type="ref"}) for the separation of sorbitan esters used as surfactants for sea‐water treatment after an oil spoilage and the quantitative distribution of the sorbitan mono‐, di‐, tri‐, and tetraester fractions. Six samples of sorbitan esters were studied by using relative response factors obtained from analysis of pure glycerides of fatty acids. The effects of mobile phase composition on the accuracy and reliability of the distribution of the sorbitan esters were investigated. No real food samples were tested.

Thyssen and Andersen ([1998](#efs24788-bib-0064){ref-type="ref"}) described a method for the determination of sorbitan tristearate in vegetable oils, according to which the sample was diluted in heptane and then treated with a silica cartridge and hydrolysed on the column. Sorbitol together with isosorbide and sorbitan were eluted, but only sorbitol and sorbitan could be quantified by HPLC equipped with a refractive index detector. The reported recovery of sorbitan tristearate of a food additive with a known composition of the sorbitol esters was 97--109%, with a standard deviation of 5.7--11.2, and LOD of 0.4% equal to 4,000 mg/kg (Burch et al., [2007](#efs24788-bib-0004){ref-type="ref"}). The Panel noted that the LOD of the method lied high above the maximum level for sorbitan esters (E 491--495) in edible oils and fats (Regulation (EC) No 1333/2008).

#### 3.1.4.3. Capillary Supercritical Fluid Chromatography (CSFC) {#efs24788-sec-0024}

An approach to identify sorbitan esters used as surfactants for sea‐water treatment after an oil spoilage has been developed by Wang and Fingas ([1994b](#efs24788-bib-0069){ref-type="ref"}) by using CSFC. Hydrophilic--lipophilic balance, which describes the hydrophilic and hydrophobic characteristics of surfactants, could be correlated with the distribution of the sorbitan esters. A combination of solid‐phase extraction and CSFC was used to separate, concentrate and analyse sorbitan esters of fatty acids. No real food samples were tested.

The Panel noted that out of all analytical methods available, GC analysis appears to deliver the most accurate and reliable results, fit for purposes of food controls.

### 3.1.5. Stability of the substances and reaction and fate in food {#efs24788-sec-0025}

Undiluted sorbitan fatty acid esters, as well as neutral, mildly alkaline or mildly acidic solutions, were stable at room temperature within a pH range of 2--12. In contrast, hydrolysis occured in the presence of water at excessively high or low pH conditions (CIR, [1985](#efs24788-bib-0008){ref-type="ref"}).

Autoxidation of fatty acids leads to the formation of hydroperoxides, which decompose to oxygen‐containing products such as aldehydes, ketones and hydroxy compounds. The effect of atmospheric oxygen on fatty acids depends primarily on the temperature, the number of double bonds and the molecular structure. Saturated fatty acids showed little tendency to undergo autoxidation, whereas unsaturated fatty acids and especially polyunsaturated acids, were very susceptible to autoxidation (Anneken et al., [2012](#efs24788-bib-0001){ref-type="ref"}).

According to industry (Croda, [online](#efs24788-bib-0010){ref-type="ref"}), 'sorbitan esters are stable in mild acids, alkalis and electrolytes and do not react with ionic ingredients or active'.

3.2. Authorised uses and use levels {#efs24788-sec-0026}
-----------------------------------

Maximum levels of sorbitan esters (E 491--495) have been defined in Annex II and III to Regulation (EC) No 1333/2008 on food additives, as amended. In this opinion, these levels are named maximum permitted levels (MPLs).

Table [7](#efs24788-tbl-0007){ref-type="table"} summarises foods that are permitted to contain sorbitan esters (E 491--495) and the corresponding MPLs as set by Annex II to Regulation (EC) No 1333/2008.

###### 

MPLs of sorbitan esters (E 491--495) in foods according to Annex II to Regulation (EC) No 1333/2008

  Food category number                          Food category name                                                                                                                                     E‐number/Group   Restrictions/exception                                                           MPL (mg/L or mg/kg as appropriate)
  --------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------ ---------------- -------------------------------------------------------------------------------- ---------------------------------------------------------
  01.4                                          Flavoured fermented milk products including heat‐treated products                                                                                      E 491--495                                                                                        5,000
  01.8                                          Dairy analogues, including beverage whiteners                                                                                                          E 491--495       Only milk and cream analogues                                                    5,000[a](#efs24788-note-0009){ref-type="fn"}
  02.2.2                                        Other fat and oil emulsions including spreads as defined by Council Regulation (EC) No 1234/2007 and liquid emulsions                                  E 491--495                                                                                        10,000[a](#efs24788-note-0009){ref-type="fn"}
  03                                            Edible ices                                                                                                                                            E 491--495                                                                                        500[a](#efs24788-note-0009){ref-type="fn"}
  04.2.5.2                                      Jam, jellies and marmalades and sweetened chestnut purée as defined by Directive 2001/113/EC                                                           E 493            Only jelly marmalade                                                             25
  05.1                                          Cocoa and Chocolate products as covered by Directive 2000/36/EC                                                                                        E 492                                                                                             10,000
  05.2                                          Other confectionery including breath freshening microsweets                                                                                            E 491--495       Only sugar confectionery                                                         5,000[a](#efs24788-note-0009){ref-type="fn"}
  05.2                                          Other confectionery including breath freshening microsweets                                                                                            E 492            Only cocoa‐based confectionery                                                   10,000
  05.3                                          Chewing gum                                                                                                                                            E 491--495                                                                                        5,000[a](#efs24788-note-0009){ref-type="fn"}
  05.4                                          Decorations, coatings and fillings, except fruit‐based fillings covered by category 4.2.4                                                              E 491--495                                                                                        5,000[a](#efs24788-note-0009){ref-type="fn"}
  05.4                                          Decorations, coatings and fillings, except fruit‐based fillings covered by category 4.2.4                                                              E 492            Only cocoa‐based confectionery                                                   10,000
  07.2                                          Fine bakery wares                                                                                                                                      E 492                                                                                             10,000
  12.6                                          Sauces                                                                                                                                                 E 491--495       Only emulsified sauce                                                            5,000[a](#efs24788-note-0009){ref-type="fn"}
  12.8                                          Yeast and yeast products                                                                                                                               E 491--495       Only dry yeast and yeast for baking                                              *Quantum satis*
  13.2                                          Dietary foods for special medical purposes defined in Directive 1999/21/EC (excluding products from food category 13.1.5)                              E 491--495                                                                                        5,000[a](#efs24788-note-0009){ref-type="fn"}
  13.3                                          Dietary foods for weight control diets intended to replace total daily food intake or an individual meal (the whole or part of the total daily diet)   E 491--495                                                                                        5,000[a](#efs24788-note-0009){ref-type="fn"}
  14.1.5.2                                      Other non‐alcoholic beverages                                                                                                                          E 491--495       Only liquid tea concentrates and liquid fruit and herbal infusion concentrates   500[a](#efs24788-note-0009){ref-type="fn"}
  16                                            Desserts excluding products covered in categories 1, 3 and 4                                                                                           E 491--495                                                                                        5,000[a](#efs24788-note-0009){ref-type="fn"}
  17.1[b](#efs24788-note-0010){ref-type="fn"}   Food supplements supplied in a solid form including capsules and tablets and similar forms, excluding chewable forms                                   E 491--495                                                                                        *Quantum satis* [a](#efs24788-note-0009){ref-type="fn"}
  17.2[b](#efs24788-note-0010){ref-type="fn"}   Food supplements supplied in a liquid form                                                                                                             E 491--495                                                                                        *Quantum satis*
  17.3[b](#efs24788-note-0010){ref-type="fn"}   Food supplements supplied in a syrup‐type or chewable form                                                                                             E 491--495                                                                                        *Quantum satis*

MPL: maximum permitted level.

The additives may be added individually or in combination.

FCS 17 refers to food supplements as defined in Directive 2002/46/EC of the European Parliament and of the Council excluding food supplements for infants and young children.
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According to Annex III, Part 1 of Regulation (EC) No 1333/2008, sorbitan esters (E 491--495) are also authorised as a carrier in food additives (colours and antifoaming agents, glazing agents for fruit) at *quantum satis* (QS), and as food additives other than carriers in food additives (preparations of colours, anti‐foaming agents and glazing agents for fruit) at QS according to Part 2 of the same Annex. According to Part 5, Section A, sorbitan esters (E 491--495) are furthermore authorised as food additives in nutrients (in beta carotene, lutein, lycopene and vitamin E preparations at QS and in vitamin A and D preparations at 2 mg/kg in final food).

3.3. Exposure data {#efs24788-sec-0027}
------------------

### 3.3.1. Reported use levels of sorbitan esters {#efs24788-sec-0028}

Most food additives in the EU are authorised at a specific MPL. However, a food additive may be used at a lower level than the MPL. Therefore, information on actual use levels is required for performing a more realistic exposure assessment, especially for those food additives for which no MPL is set and which are authorised according to QS.

In the framework of Regulation (EC) No 1333/2008 on food additives and of Commission Regulation (EU) No 257/2010 regarding the re‐evaluation of approved food additives, EFSA issued public calls[14](#efs24788-note-1019){ref-type="fn"} ^,^ [15](#efs24788-note-1020){ref-type="fn"} for occurrence data (usage level) on sorbitan esters (E 491--495). In response to this call, information on the use levels of sorbitan esters (E 491--495) in foods was made available to EFSA by industry. No analytical data were submitted to EFSA by Member States.

#### 3.3.1.1. Summarised data on reported use levels in foods provided by industry {#efs24788-sec-0029}

Industry provided EFSA with data on use levels (n = 42) of sorbitan esters (E 491--495) in foods for 16 out of the 19 food categories in which sorbitan esters (E 491--495) are authorised.

Updated information on the actual use levels of sorbitan esters in foods was made available to EFSA by the Federation of European Specialty Food Ingredients Industries (ELC), FoodDrinkEurope (FDE), the International Chewing Gum Association (ICGA), Food Supplements Europe (FSE), and Mars.

The Panel noted that some data were submitted by ELC, an association of food ingredient producers that recommend usage levels to users of food additives, which might, ultimately, use different levels. The Panel furthermore noted that the data supplied by ELC were always equal to the MPLs (with the exception of FCS 02.2.2). Thus, it cannot be excluded that the supplied levels are recommended use levels instead of actual use levels. The Panel decided therefore to use the data from ELC only in the *regulatory maximum level exposure assessment scenario* for the food categories in which the use of sorbitan esters (E 491--495) is permitted at QS.

The Panel noted that 14 usage levels on fat and oil emulsions (n = 1), decorations (n = 3), yeast products (n = 7), desserts (n = 2) and food supplements (n = 1) referred to niche products. Since other usage levels were not available for these food categories, the Panel decided to use them for exposure assessment (Section [3.4](#efs24788-sec-0034){ref-type="sec"}).

No use levels related to the use of sorbitan esters (E 491--495) according to Annex III (Section [3.2](#efs24788-sec-0026){ref-type="sec"}) were provided to EFSA. This possible source of exposure could therefore not be addressed in this opinion.

Appendix [A](#efs24788-sec-0074){ref-type="sec"} provides the use levels of sorbitan esters (E 491--495) in foods as reported by industry (food industry and sorbitan esters producers).

### 3.3.2. Summarised data extracted from the Mintel\'s Global New Products Database {#efs24788-sec-0030}

The Mintel GNPD is an online database which monitors product introductions in consumer packaged goods markets worldwide. It contains information of over 2 million food and beverage products of which more than 900,000 are or have been available on the EU food market. Mintel started covering EU\'s food markets in 1996, currently having 20 out of its 28 member countries and Norway presented in the Mintel GNPD.[16](#efs24788-note-1021){ref-type="fn"}

For the purpose of this Scientific Opinion, the Mintel GNPD[17](#efs24788-note-1022){ref-type="fn"} was used for checking the labelling of food products containing sorbitan esters (E 491--495) within the European\'s food products as the Mintel GNPD shows the compulsory ingredient information presented on food product labels.

According to the Mintel GNPD, sorbitan esters (E 491--495) are labelled on more than 700 food products published in the GNPD database between 2011 and 2016.

Appendix [B](#efs24788-sec-0075){ref-type="sec"} presents the percentage of the food products labelled with sorbitan esters (E 491--495) between 2011 and 2016, out of the total number of food products per food subcategory according to the Mintel GNPD food classification.

The Mintel GNPD was also used to identify food subcategories containing food products labelled with sorbitan esters (E 491--495), which were not considered in the current exposure assessment. Of the 36 food subcategories containing foods labelled with sorbitan esters (E 491--495), 13 were not accounted for in the refined exposure assessment. Of these, sorbitan esters (E 491--495) are not authorised in eight food subcategories (i.e. pizzas, bread and bread products, wet soup, sandwiches/wraps, meal kits, fish products, pasta, and meat pastes & pates). The five food subcategories in which sorbitan esters (E 491--495) are authorised include dessert toppings, dairy‐based frozen products, flavoured milk, other frozen desserts and popcorn. The percentage of foods in these subcategories that were labelled to contain sorbitan esters (E 491--495) was maximally 0.6% (Appendix [B](#efs24788-sec-0075){ref-type="sec"}).

### 3.3.3. Food consumption data used for exposure assessment {#efs24788-sec-0031}

#### 3.3.3.1. EFSA Comprehensive European Food Consumption Database {#efs24788-sec-0032}

Since 2010, the EFSA Comprehensive European Food Consumption Database (Comprehensive Database) has been populated with national data on food consumption at a detailed level. Competent authorities in the European countries provide EFSA with data on the level of food consumption by the individual consumer from the most recent national dietary survey in their country (cf. Guidance of EFSA on the 'Use of the EFSA Comprehensive European Food Consumption Database in Exposure Assessment' (EFSA, [2011a](#efs24788-bib-0012){ref-type="ref"})). New consumption surveys recently[18](#efs24788-note-1023){ref-type="fn"} added in the Comprehensive database were also taken into account in this assessment.[12](#efs24788-note-1017){ref-type="fn"}

The food consumption data gathered by EFSA were collected by different methodologies and thus direct country‐to‐country comparisons should be interpreted with caution. Depending on the food category and the level of detail used for exposure calculations, uncertainties could be introduced owing to possible subjects' underreporting and/or misreporting of the consumption amounts. Nevertheless, the EFSA Comprehensive Database represents the best available source of food consumption data across Europe at present.

Food consumption data from the following population groups: infants, toddlers, children, adolescents, adults and the elderly were used for the exposure assessment. For the present assessment, food consumption data were available from 33 different dietary surveys carried out in 19 European countries (Table [8](#efs24788-tbl-0008){ref-type="table"}).

###### 

Population groups considered for the exposure estimates of sorbitan esters (E 491--495)

  Population                                           Age range                                                      Countries with food consumption surveys covering more than one day
  ---------------------------------------------------- -------------------------------------------------------------- ----------------------------------------------------------------------------------------------------------------------------------------------
  Infants                                              From more than 12 weeks up to and including 11 months of age   Bulgaria, Denmark, Finland, Germany, Italy, UK
  Toddlers                                             From 12 months up to and including 35 months of age            Belgium, Bulgaria, Denmark, Finland, Germany, Italy, Netherlands, Spain, UK
  Children[a](#efs24788-note-0011){ref-type="fn"}      From 36 months up to and including 9 years of age              Austria, Belgium, Bulgaria, Czech Republic, Denmark, Finland, France, Germany, Greece, Italy, Latvia, Netherlands, Spain, Sweden, UK
  Adolescents                                          From 10 years up to and including 17 years of age              Austria, Belgium, Cyprus, Czech Republic, Denmark, Finland, France, Germany, Italy, Latvia, Spain, Sweden, UK
  Adults                                               From 18 years up to and including 64 years of age              Austria, Belgium, Czech Republic, Denmark, Finland, rance, Germany, Hungary, Ireland, Italy, Latvia, Netherlands, Romania, Spain, Sweden, UK
  The elderly[a](#efs24788-note-0011){ref-type="fn"}   From 65 years of age and older                                 Austria, Belgium, Denmark, Finland, France, Germany, Hungary, Ireland, Italy, Romania, Sweden, UK

The terms 'children' and 'the elderly' correspond, respectively, to 'other children' and the merge of 'elderly' and 'very elderly' in the Guidance of EFSA on the 'Use of the EFSA Comprehensive European Food Consumption Database in Exposure Assessment' (EFSA, [2011a](#efs24788-bib-0012){ref-type="ref"}).
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Consumption records in the EFSA Comprehensive Database were codified according to the FoodEx classification system (EFSA, [2011b](#efs24788-bib-0013){ref-type="ref"}). Nomenclature from the FoodEx classification system has been linked to the food categorisation system (FCS) as presented in Annex II of Regulation (EC) No 1333/2008, part D, to perform exposure estimates. In practice, FoodEx food codes were matched to the FCS food categories.

#### 3.3.3.2. Food categories considered for the exposure assessment of sorbitan esters (E 491--495) {#efs24788-sec-0033}

The food categories in which the use of sorbitan esters (E 491--495) according to Annex II of Regulation (EC) No 1333/2008 is authorised were selected from the nomenclature of the EFSA Comprehensive Database (FoodEx classification system), at the most detailed level possible (up to FoodEx Level 4) (EFSA, [2011b](#efs24788-bib-0013){ref-type="ref"}).

One food category is not referenced in the EFSA Comprehensive Database and could therefore not be taken into account in the exposure estimate. This may have resulted in an underestimation of the exposure. This was the case for one food category (Appendix [C](#efs24788-sec-0076){ref-type="sec"}). The food category which was not taken into account is described below:

05.4 Decorations, coatings and fillings, except fruit‐based fillings covered by category 4.2.4.

For the following food categories, the restrictions/exceptions which apply to the use of sorbitan esters (E 491--495) could not be taken into account, and therefore, the whole food category was considered in the exposure assessment. This applies to three food categories (Appendix [C](#efs24788-sec-0076){ref-type="sec"}). This may have resulted in an overestimation of the exposure:

05.2 Other confectionery including breath refreshening microsweets, only sugar confectionery12.8 Yeast and yeast products, only dry yeast and yeast for baking14.1.5.2 Other non‐alcoholic beverages, only liquid tea concentrates and liquid fruit and herbal infusion concentrates.

In the EFSA Comprehensive database, no information is provided on the type of food supplements consumed by infants and young children. In the exposure assessment, even if this food category refers in the EU regulation to foods supplements excluding infants and young children, it was assumed that the food supplements consumed in these population groups were the same as those consumed in the other population groups for which concentration data were supplied, resulting in an overestimation of the exposure to sorbitan esters (E 491--495) in these two population groups.

For the remaining food categories, the refinements considering the restrictions/exceptions as set in Annex II to Regulation No 1333/2008 were applied.

In the refined exposure scenario, in addition to food category 05.4, eight other food categories were not taken into account because no reliable usage data were provided to EFSA. Of the 19 food categories in which sorbitan esters are authorised (Table [7](#efs24788-tbl-0007){ref-type="table"}), 18 were included in the maximum level exposure assessment to sorbitan esters (E 491--495) and 10 in the refined exposure assessment (Appendix [C](#efs24788-sec-0076){ref-type="sec"}).

3.4. Exposure estimate to sorbitan esters (E 491--495) from their use as food additives {#efs24788-sec-0034}
---------------------------------------------------------------------------------------

The Panel estimated chronic exposure to sorbitan esters (E 491--495) for the following population groups: infants, toddlers, children, adolescents, adults and the elderly. Dietary exposure to sorbitan esters (E 491--495) according to Annex II of Regulation (EC) No 1333/2008 was calculated by multiplying sorbitan esters (E 491--495) concentrations for each food category (Appendix [C](#efs24788-sec-0076){ref-type="sec"}) with their respective consumption amount per kilogram body weight for each individual in the Comprehensive Database. The exposure per food category was subsequently added to derive an individual total exposure per day. These exposure estimates were averaged over the number of survey days, resulting in an individual average exposure per day for the survey period. Dietary surveys with only one day per subject were excluded as they are considered as not adequate to assess repeated exposure.

The exposure was estimated for all individuals per survey and per population group, resulting in distributions of individual exposure per survey and population group (Table [8](#efs24788-tbl-0008){ref-type="table"}). Based on these distributions, the mean and 95th percentile of exposure were calculated per survey and per population group. High percentile exposure was only calculated for those population groups where the sample size was sufficiently large to allow calculation of the 95th percentile of exposure (EFSA, [2011a](#efs24788-bib-0012){ref-type="ref"}). Therefore, in the present assessment, high levels of exposure for infants from Italy and for toddlers from Belgium, Italy and Spain were not estimated.

Exposure assessment to sorbitan esters (E 491--495) was carried out by the ANS Panel based on: (1) MPLs as set down in the EU legislation (defined as the *regulatory maximum level exposure assessment scenario*); and (2) reported use levels (defined as the *refined exposure assessment scenario*). These two scenarios are discussed in detail below.

A possible additional exposure from the use of sorbitan esters (E 491--495) as food additives in accordance with Annex III to Regulation (EC) No 1333/2008 (Parts 1, 2 and 5) was not considered in the following scenarios.

In the absence of any information on the identity(ies) of the sorbitan ester(s) in which the MPLs and the reported use levels were expressed, the Panel calculated the exposure to sorbitan esters (E 491--495) by assuming that they were expressed as sorbitan monostearate.

### 3.4.1. Regulatory maximum level exposure assessment scenario {#efs24788-sec-0035}

The regulatory maximum level exposure assessment scenario to sorbitan esters (E 491--495) was based on the MPLs as set in Annex II to Regulation (EC) No 1333/2008 and listed in Table [7](#efs24788-tbl-0007){ref-type="table"}.

For the food category 12.8, in which sorbitan esters (E 491--495) are authorised at QS (Table [7](#efs24788-tbl-0007){ref-type="table"}), the maximum use level as provided by food industry (FDE, 2013) was used. For the food categories 17.1, 17.2 and 17.3, in which sorbitan esters (E 491--495) are also authorised at QS, the maximum use level of food category 17.1 and 17.3 provided by ELC (2010) was used (Appendix [C](#efs24788-sec-0076){ref-type="sec"}). For food category 05.2, the highest MPL was considered.

The Panel considered the exposure estimates derived following this scenario as the most conservative since it is assumed that the consumer will be continuously, over a longer period, exposed to sorbitan esters (E 491--495) present in food at MPL.

### 3.4.2. Refined exposure assessment scenario {#efs24788-sec-0036}

The refined exposure assessment scenario is based on use levels reported by industry or analytical data provided by Member States, when available. This exposure scenario can consider only food categories for which these data were available to the Panel.

For sorbitan esters (E 491--495), only reported use levels were used to calculate the refined exposure, since no analytical data were submitted.

Appendix [C](#efs24788-sec-0076){ref-type="sec"} summarises the concentration levels of sorbitan esters (E 491--495) used in the refined exposure assessment scenario. Based on the available data set, the Panel calculated two refined exposure estimates based on different model populations:

The brand‐loyal consumer scenario: It was assumed that a consumer is exposed long‐term to sorbitan esters (E 491--495) present at the maximum reported use level for one food category. This exposure estimate is calculated as follows:--Combining food consumption with the maximum of the reported use levels for the main contributing food category at the individual level.--Using the mean of the typical reported use levels for the remaining food categories.The non‐brand‐loyal consumer scenario: It was assumed that a consumer is exposed long‐term to sorbitan esters (E 491--495) present at the mean reported use levels in food. This exposure estimate is calculated using the mean of the typical reported use levels for all food categories.

### 3.4.3. Dietary exposure to sorbitan esters (E 491--495) {#efs24788-sec-0037}

Table [9](#efs24788-tbl-0009){ref-type="table"} summarises the dietary exposure to sorbitan esters (E 491--495) from their use as food additives in six population groups according to the different exposure scenarios. Detailed results per population group and survey are presented in Appendix [E](#efs24788-sec-0080){ref-type="sec"}.

###### 

Summary of dietary exposure to sorbitan esters (E 491--495) from their use as food additives in the *regulatory maximum level exposure assessment scenario* and in the refined exposure scenarios, in six population groups (minimum--maximum across the dietary surveys in mg sorbitan monostearate/kg bw per day)

                                                              Infants (12 weeks--11 months)   Toddlers (12--35 months)   Children (3--9 years)   Adolescents (10--17 years)   Adults (18--64 years)   The elderly (≥ 65 years)
  ----------------------------------------------------------- ------------------------------- -------------------------- ----------------------- ---------------------------- ----------------------- --------------------------
  **Regulatory maximum level exposure assessment scenario**                                                                                                                                           
  Mean                                                        0.2--18.2                       26.1--88.9                 21.4--78.4              10.9--34.3                   3.7--22.1               4.3--21.2
  95th percentile                                             0.4--75.4                       80.1--211.2                54--183.4               27.4--75.4                   11.3--50.1              9.7--45.0
  **Refined estimated exposure assessment scenario**                                                                                                                                                  
  **Brand‐loyal scenario**                                                                                                                                                                            
  Mean                                                        0.03--12.0                      2.6--33.3                  4.7--34.4               2.6--18.1                    1.7--12.5               1.6--11.8
  95th percentile                                             \< 0.01--51.4                   10.1--81.7                 11.5--86.3              5.8--46.2                    6.0--35.9               5.1--31.5
  **Non‐brand‐loyal scenario**                                                                                                                                                                        
  Mean                                                        0.02--2.1                       1.2--10.6                  3.6--9.1                1.9--4.7                     0.6--2.8                0.5--2.8
  95th percentile                                             \< 0.01--9.5                    3.7--24.1                  7.5--19.9               4.1--10.3                    1.8--7.0                1.6--6.4
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In the *regulatory maximum level exposure assessment scenario*, mean exposure to sorbitan esters (E 491--495) from their use as food additives according to Annex II of Regulation (EC) No 1333/2008 ranged from 0.2 mg sorbitan monostearate/kg bw per day in infants to 88.9 mg sorbitan monostearate/kg bw per day in toddlers. The 95th percentile of exposure ranged from 0.4 mg sorbitan monostearate/kg bw per day in infants to 211.2 mg sorbitan monostearate/kg bw per day in toddlers.

In the *refined estimated brand‐loyal exposure scenario*, mean exposure to sorbitan esters (E 491--495) ranged from 0.03 mg/kg bw per day in infants to 34.4 mg sorbitan monostearate/kg bw per day in children. The 95th percentile to sorbitan esters (E 491--495) ranged from \< 0.01 mg/kg bw per day in infants to 86.3 mg sorbitan monostearate/kg bw per day in children. In the *non‐brand‐loyal scenario*, mean exposure to sorbitan esters (E 491--495) ranged from 0.02 mg sorbitan monostearate/kg bw per day in infants to 10.6 mg sorbitan monostearate/kg bw per day in toddlers. The 95th percentile of exposure to sorbitan esters (E 491--495) ranged from \< 0.01 mg sorbitan monostearate/kg bw per day in infants to 24.1 mg sorbitan monostearate/kg bw per day in toddlers.

Main food categories contributing to exposure to sorbitan esters (E 491--495) are presented in Appendix [D](#efs24788-sec-1077){ref-type="sec"}.

### 3.4.4. Uncertainty analysis {#efs24788-sec-0038}

Uncertainties in the exposure assessment of sorbitan esters (E 491--495) have been discussed above. In accordance with the guidance provided in the EFSA opinion related to uncertainties in dietary exposure assessment (EFSA, [2007](#efs24788-bib-0011){ref-type="ref"}), the sources of uncertainties are summarised and evaluated in Table [10](#efs24788-tbl-0010){ref-type="table"}.

###### 

Qualitative evaluation of influence of uncertainties on the dietary exposure estimates of sorbitan esters (E 491--495) from their use as food additives according to Annex II to Regulation (EC) No 1333/2008

+------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------+--------------------------------------------------+
| Sources of uncertainties                                                                                                                                                                                                                                                                                                                                                                                               | Direction[a](#efs24788-note-0012){ref-type="fn"} |
+========================================================================================================================================================================================================================================================================================================================================================================================================================+==================================================+
| Consumption data: different methodologies/representativeness/underreporting/misreporting/no portion size standard                                                                                                                                                                                                                                                                                                      | +/−                                              |
+------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------+--------------------------------------------------+
| Use of data from food consumption survey of a few days to estimate long‐term (chronic) exposure for high percentiles (95th percentile)                                                                                                                                                                                                                                                                                 | \+                                               |
+------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------+--------------------------------------------------+
| Correspondence of reported use levels to the food items in the EFSA Comprehensive Food Consumption Database: uncertainties to which types of food the levels refer to                                                                                                                                                                                                                                                  | +/−                                              |
+------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------+--------------------------------------------------+
| Food categories selected for the exposure assessment: exclusion of food categories due to missing FoodEx linkage (n = 1/19 food categories)                                                                                                                                                                                                                                                                            | −                                                |
+------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------+--------------------------------------------------+
| Food categories selected for the exposure assessment: inclusion of food categories without considering the restriction/exception (n = 3/19 food categories)                                                                                                                                                                                                                                                            | \+                                               |
+------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------+--------------------------------------------------+
| Concentration data:                                                                                                                                                                                                                                                                                                                                                                                                    | \+                                               |
|                                                                                                                                                                                                                                                                                                                                                                                                                        |                                                  |
| levels considered applicable to all relevant items within the entire food category,                                                                                                                                                                                                                                                                                                                                    |                                                  |
+------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------+--------------------------------------------------+
| Regulatory maximum level exposure assessment scenario:                                                                                                                                                                                                                                                                                                                                                                 | −                                                |
|                                                                                                                                                                                                                                                                                                                                                                                                                        |                                                  |
| food categories which may contain sorbitan esters (E 491--495) due to carry‐over (Annex III) not considereduse of MPLs and maximum use levels in food categories authorised at QS according to Annex II to Regulation (EC) No 1333/2008                                                                                                                                                                                | \+                                               |
+------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------+--------------------------------------------------+
| Refined exposure assessment scenarios:                                                                                                                                                                                                                                                                                                                                                                                 | −                                                |
|                                                                                                                                                                                                                                                                                                                                                                                                                        |                                                  |
| food categories which may contain sorbitan esters (E 491--495) due to carry‐over (Annex III) not consideredexposure calculations based on the maximum or typical mean levels (reported use from industries)Food categories included in the exposure assessment: no data available for certain food categories which were therefore not considered in the refined exposure assessment (n = 8 out of 19 food categories) | +/--                                             |
|                                                                                                                                                                                                                                                                                                                                                                                                                        |                                                  |
|                                                                                                                                                                                                                                                                                                                                                                                                                        | −                                                |
+------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------+--------------------------------------------------+
| Uncertainty in possible national differences in use levels of food categories                                                                                                                                                                                                                                                                                                                                          | +/−                                              |
+------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------+--------------------------------------------------+

+, uncertainty with potential to cause over‐estimation of exposure; −, uncertainty with potential to cause underestimation of exposure.
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Overall, the Panel considered that the uncertainties identified would, in general, result in an overestimation of the dietary exposure to sorbitan esters (E 491--495) from their use as food additives according to Annex II of Regulation (EC) No 1333/2008 in European countries for the regulatory maximum level exposure assessment scenario.

Based on the assumption that the food additive is not used in the food categories for which no usage data were provided by food industry, the refined scenario would in general result in an overestimation of exposure according to Annex II of Regulation (EC) No 1333/2008. The Panel noted that no use levels were reported for eight food categories, while information from the Mintel GNPD database showed that, for five out of these eight food categories sorbitan esters (E 491--495) were labelled, representing at most 0.6% of the total food items within the food categories. Overall, the Panel considered that exposure to sorbitan esters (E 491--495) from the food categories for which no usage data were reported was likely to have negligible impact on the refined exposure assessment.

The Panel noted that other potential sources of dietary exposure (in particular according to Annex III Parts 1, 2 and 5 of Regulation (EC) No 1333/2008) to sorbitan esters (E 491--495) were not considered in both exposure scenario assessments, because no data were available.

3.5. Biological and toxicological data {#efs24788-sec-0039}
--------------------------------------

### 3.5.1. Absorption, distribution, metabolism and excretion {#efs24788-sec-0040}

Data on toxicokinetics were available for sorbitan monostearate but not for sorbitan tristearate, sorbitan monolaurate, sorbitan monooleate or sorbitan monopalmitate.

#### 3.5.1.1. *In vitro* {#efs24788-sec-0041}

The aim of the study performed by Krantz (1951 \[Documentation provided to EFSA n. 9\]) was to determine whether sorbitan monostearate is hydrolysed by pancreatic lipase *in vitro*. After 24 h of incubation at 37°C, in the presence of pancreatic lipase 5.4% of fatty acids present in the ester were liberated. However, this study was poorly reported.

#### 3.5.1.2. *In vivo* {#efs24788-sec-0042}

In a feeding study (Oser and Oser, [1957a](#efs24788-bib-0053){ref-type="ref"}) in Wistar rats, the coefficients of digestibility of the fatty acid moieties were calculated by the authors as the percentage of unexcreted fatty acid to the dietary intake. The intake figures were corrected for the amounts of fatty acids contributed by the basal diet alone. At a dose level of 20% in the diet, the fatty acid moiety of sorbitan monostearate has a coefficient of digestibility of 53%.

Toxicokinetics of sorbitan monostearate were studied by Wick and Joseph ([1953a](#efs24788-bib-0070){ref-type="ref"}) in non‐fasted male rats (no data about strain; body weight 190--210 g) after gavage by a single dose of ^14^C‐labelled sorbitan monostearate, as either a water emulsion (8 mL/rat) or a solution in 4 mL corn oil; the dose range was 0.5--2 g/kg bw, and in one experiment 6.5 g/kg bw. Six rats were given sorbitan monostearate with the polyol moiety radiolabelled, whereas the other five rats were given the compound with the label in the stearate moiety. For each experimental design, one rat was used except four rats in experiments with radiolabelled polyol moiety in corn oil at a dose 0.5 g/kg bw. The animals were placed in individual metabolism chambers, and the expired CO~2~ was collected at 6 h intervals for 48 h. Urine and faeces were also collected as single sample at termination. After 48 h, the animals were sacrificed and liver, kidneys, intestinal tract and a sample of the hind leg muscle were taken from the carcasses for measurement of radioactivity. The results are presented in Table [11](#efs24788-tbl-0011){ref-type="table"}.

###### 

Summary of toxicokinetics in rats after oral exposure to ^14^C‐labelled sorbitan monostearate in different vehicles (Wick and Joseph, [1953a](#efs24788-bib-0070){ref-type="ref"}). Values are presented in percent of applied radioactivity

  Radioactivity recovered within 48 h   Vehicle oil[a](#efs24788-note-0013){ref-type="fn"}   Vehicle water[b](#efs24788-note-0014){ref-type="fn"}                                             
  ------------------------------------- ---------------------------------------------------- ------------------------------------------------------ ----------------------------------------- -----------------------------------------
  In exhaled CO~2~                      18--24%                                              21--33%                                                14--15%                                   7--18%
  In urine                              44--66%                                              1%                                                     16--25%                                   1%
  In faeces                             14--20% (6--8% soluble in chloroform)                35--39% (33--37% soluble in chloroform)                58--66% (31--54% soluble in chloroform)   73--81% (69--76% soluble in chloroform)
  In all organs and carcass combined    5--7%                                                32--41%[c](#efs24788-note-0015){ref-type="fn"}         3%                                        10--15%
  Total recovery                        91--108%                                             98--105%                                               88--99%                                   97--101%

Solution in corn oil.

Emulsion in water.

Main amount was chloroform soluble and found in carcass.

John Wiley & Sons, Ltd

The vehicle influences the absorption of ^14^C‐labelled sorbitan monostearate: using water as vehicle resulted in a lower absorption than using oil. In experiments with stearate‐labelling, there was less absorption of radioactivity using the vehicle water compared with a solution in the vehicle oil. Similar results were obtained with the polyol‐labelled ester in the two different vehicles. Radioactivity excreted via faeces (soluble in chloroform) was considered to be either the non‐absorbed ester or the non‐absorbed products of hydrolysis or both. For the absorbed amount of sorbitan monostearate, complete hydrolysis was apparent either in the intestinal tract or after its absorption, or both, to stearic acid and the anhydrides of sorbitol. Generally, the extent of absorption of the polyol‐labelled compound or the products of hydrolysis was roughly estimated to be 50% in water emulsion and 90% in oil; but the stearate‐labelled compound reached estimated absorption rates of \~30% in water and 70% in oil. These data suggested some differences in absorption between the sorbitan and the fatty acid moiety after hydrolysis in the gastrointestinal tract. The radioactivity in urine (44--66% of the applied ^14^C‐polyol) was considered to represent the presumably unchanged anhydrides or sorbitol which were liberated by hydrolysis of the ester. However, analytical data on the structure of excreted substances were not available. Sorbitol or anhydrides of sorbitol were excreted by the kidneys to a large extent before they could be oxidised. In contrast to the ^14^C‐polyol compound, the ^14^C‐labelled stearate was integrated in body tissues.

In a further study on accumulation after repeated oral exposure (Wick and Joseph, [1953b](#efs24788-bib-0071){ref-type="ref"}), nine rats (no further details provided) were fed *ad libitum* for 28 days a synthetic diet containing 0.1% sorbitan monostearate labelled with ^14^C in the polyol moiety. The authors used the same labelled material fed in the previous single‐dose study (Wick and Joseph, [1953a](#efs24788-bib-0070){ref-type="ref"}). After 28 days of exposure, the fat stores of rats were then analysed for residual radioactivity. The radioactivity of crude fat, fatty acids, glycerol and residue was determined. A small portion of 0.35--0.49% (range of nine rats) of the radioactivity was in crude fat, 0.15--0.32% was found in fatty acids, 0.01--0.07% in glycerol and 0.04--0.09% in the residue (presumed to be sorbitan). The authors concluded that the polyol moiety of sorbitan stearate did not accumulate in body fat stores.

Similar results were obtained in a gavage study in rats using sorbitan trioleate (Treon et al., [1967](#efs24788-bib-0065){ref-type="ref"}). The Panel noted that sorbitan trioleate is not authorised as a food additive according to Regulation (EC) No 1333/2008. However, the data reported supported the possibility of read‐across with sorbitan monooleate. This also supported possible read‐across between sorbitan monooleate and monostearate. The dependency of the absorption rate on the vehicle used was not observed. The radiolabelled compound was prepared either with ^14^C‐sorbitan or ^14^C‐oleate. A dose level of 500 mg/kg bw was administered in a 40% aqueous emulsion or in 40% safflower oil solution (1--4 rats/experimental design; body weight 100 g; no further details given). The expired CO~2~ was collected at the following intervals: 0--2, 2--4, 4--6, 6--12, 12--18 and 18--24 h. After administration of sorbitan ^14^C‐trioleate, the appearance of ^14^C‐CO~2~ in the expired air reached a peak at about 6 h (36--39% of the applied oleate‐labelling) and amounted to a mean of 30--35% of the administered labelling during the CO~2~ sampling period 0--24 h after application. The vehicle has no or a minor effect on the amount oxidised to CO~2~ or the absorption rate. The faeces and gastrointestinal tract contained 37--42% of the ^14^C‐label at termination. About 3% of applied ^14^C appeared in the urine, the liver contained 3% and the carcass about 22%, independently of the vehicle used. After administration of the polyol‐labelled ester, there was a difference in absorption rate depending on the vehicle used: 20--28% (range) were not absorbed and detected in faeces/gastrointestinal (GI) tract after gavage of the aqueous emulsion but 35--40% after gavage of the solution in oil. The excretion pathways of the polyol‐labelled compound were altered compared to the ^14^C‐oleate but no difference was detected concerning the used vehicle. The proportions recovered of that applied were as follows: Only 2--5% of the applied label was recovered as ^14^C‐CO~2~ in exhaled air but 53--74% in the urine, 1% in the liver and 5% in the carcass. The total recovery in all experiments averaged between 98% and 108%. In conclusion, in experiments with ^14^C‐sorbitan trioleate, the effect of the vehicle which has been shown in the study with sorbitan monostearate was not reproduced. In contrast, a slight increase in the absorption rate was found using an aqueous emulsion as vehicle instead of oil. This effect was only detected with a label of the polyol moiety but not of the oleate moiety. The absorption rate varied between 60% and 80% of applied radioactivity. Distribution and excretion patterns of the ^14^C‐label‐sorbitan or ^14^C‐label‐oleate were similar to the study with sorbitan monostearate.

Overall, the Panel noted that there were indications from toxicokinetic studies in rats with radiolabelled sorbitan monostearate that this sorbitan ester can be either hydrolysed to its fatty acid moiety and the corresponding anhydrides of sorbitol, or excreted intact in the faeces. After absorption, as indicated by radioactivity, sorbitan and isosorbide moieties, sorbitol or metabolites thereof were excreted via urine or exhaled as CO~2~. The fatty acid moiety entered the endogenous metabolism of fatty acids. The Panel considered that in case intact sorbitan monostearate be absorbed it would be hydrolysed presystemically.

### 3.5.2. Acute toxicity {#efs24788-sec-0043}

From different studies in rats, the oral median lethal dose (LD~50~) values were more than 40,000 mg/kg bw for sorbitan monostearate, sorbitan monolaurate, and more than 15,900 mg/kg bw for sorbitan monooleate and sorbitan tristearate and sorbitan monopalmitate (the highest doses tested) (Quigley AD, 1966a,b,c, 1967 \[Documentation provided to EFSA n. 18, 19, 20 and 21\]).

The available data indicated that all five sorbitan esters have low acute toxicity.

### 3.5.3. Short‐term and subchronic toxicity {#efs24788-sec-0044}

#### 3.5.3.1. Sorbitan monostearate (E 491) {#efs24788-sec-0045}

In 1982, JECFA reported the following subacute toxicity studies which were not available to the Panel.

'Groups of 10 young rats were fed for 6 weeks diets containing 1% or 4% of sorbitan monostearate. There was no effect on weight gain, nor were there any significant changes histopathologically in the liver, kidneys, intestine and bladder' (Krantz, [1946](#efs24788-bib-0041){ref-type="ref"}; as referred to by JECFA [1982a](#efs24788-bib-0038){ref-type="ref"}).

'Sodium monostearate was added to diets designed to induce hepatic necrosis in rats. Levels up to 10% tended to prolong the survival time and had no significant effect upon the hepatic changes over periods up to 120 days' (Gyorgy et al., [1958](#efs24788-bib-0030){ref-type="ref"}; as referred to by JECFA [1982a](#efs24788-bib-0038){ref-type="ref"}).

'Two rhesus monkeys, fed daily with 0.7--0.8 g/kg bw of sorbitan monostearate for 5 weeks, appeared unharmed throughout. No damage to the liver or kidneys was seen post mortem' (no further details; Krantz, [1946](#efs24788-bib-0041){ref-type="ref"}; as referred to by JECFA [1982a](#efs24788-bib-0038){ref-type="ref"}).

##### Dogs {#efs24788-sec-0046}

Four dogs (two males and two females) were fed 0% or 5% sorbitan monostearate in the diet for 19--20 months. The dose level corresponded to 490--780 mg/kg bw per day. There was no clear difference between tested and control dogs in food intake, body weight, longevity, findings at necropsy or detailed histopathology (Fitzhugh et al., [1959](#efs24788-bib-0026){ref-type="ref"}).

#### 3.5.3.2. Sorbitan monolaurate (E 493) {#efs24788-sec-0047}

##### Rats {#efs24788-sec-0048}

'White male rats of unspecified strain, initial weight 60 g, were distributed into groups of 4 or 5 and fed diets containing 0, 1 and 4% sorbitan monolaurate for 6 weeks. A significant reduction in growth rate occurred in the high‐dose group. No significant histopathological changes were reported in liver, intestine or bladder, but coagulated fluid was present in the renal tubules' (Krantz, [1946](#efs24788-bib-0041){ref-type="ref"}; as referred to by JECFA, [1982a](#efs24788-bib-0038){ref-type="ref"}).

Groups of six female Holtzman rats (21--24 days old) were exposed for 21 days via the diet at dose levels of 0%, 155% or 20% of sorbitan monolaurate in the diet (equivalent to 0, 17, 550 and 23,400 mg/kg bw per day). All animals of both treatment groups showed diarrhoea, alopecia, unthrifty appearance, reduced body weight gain and increased mortality. There was no gross or microscopical pathology examination (Ershoff, [1960](#efs24788-bib-0025){ref-type="ref"}).

Groups of 14 weanling male Sprague--Dawley rats were fed sorbitan monolaurate for 59 days at dietary levels of 0% or 25% (equivalent to 0 and 29,500 mg/kg bw per day) (Harris et al., [1951a](#efs24788-bib-0031){ref-type="ref"}). Treatment‐related effects included reduced body weight gain, reduced food consumption, diarrhoea, nasal haemorrhage and gangrenous tails. Only 1 out of 14 rats survived the treatment, presenting a stunted appearance resembling starvation. In a second trial, 14 male and 16 female rats were fed sorbitan monolaurate in doses increasing to 25% by day 10 of the study. This high dose level was continued for 60 additional days. The toxic effects were similar to those reported in the previous trial. Results from pair‐fed controls indicated that the reduction in growth was not caused solely by reduced food consumption. Haematology at termination of the study showed a treatment‐related decrease in haemoglobin value. At autopsy, increased relative organ‐to‐body weight was observed for the brain, kidney, heart, spleen, lung and liver. However, these effects might be related to reduced body weight in the treated group. Histopathology showed mild degenerative lesions in the kidney, necrosis of the liver, and incomplete maturation of testes. No other effects were reported.

In a subchronic toxicity study (Cater et al., [1978](#efs24788-bib-0006){ref-type="ref"}), groups of 15 male and 15 female Wistar rats were fed for 90 days sorbitan monolaurate (95% of a mixture of the partial esters of sorbitol and its mono‐ and dianhydrides with lauric acid) at dose levels of 0%, 2%, 5% or 10%, equal to 0, 2,100, 4,200 and 8,000 mg/kg bw per day in male and 0, 2,300, 4,500 and 8,400 mg/kg bw per day in female; and in a further group with lauric acid at dose levels of 3,700 and 4,000 mg/kg bw per day in male and female respectively. Additional groups of five rats (sex/group) received sorbitan monolaurate in the diet at dose levels of 0, 4,200 and 8,000 mg/kg bw per day in male and 0, 4,500 and 8,400 mg/kg bw per day in female, and were examined after 2 or 6 weeks for haematology and pathology. The Panel noted that the design of this study is comparable to current guidelines. No clinical signs and no mortality were detected in this study. In a comparison with lauric acid. the body weight in the treated groups was significantly lower at the dose group of 4,200 and 8,000 mg/kg bw per day in male and 4,500, and 8,400 mg/kg bw per day in female. Relative and absolute liver weights were significantly increased in males and females after 2, 6 and 13 weeks at the highest dose. After 13 weeks, the relative kidney weights increased dose dependently and significantly in males and females at all doses. Signs of early respiratory disease were common in all groups including controls. No treatment related histopathological findings could be demonstrated in the kidney or other tissues, except in the liver. Fat staining of the liver showed increased periportal vacuolisation in females of the mid‐ and high‐dose groups and in males of the high‐dose group. The validity was restricted by limited documentation (e.g. incidences in histopathology), partly incomplete histopathology (e.g. mammary gland or accessory genital organs not examined), clinical chemistry (e.g. glucose not tested) and haematology (e.g. blood clotting potential not tested). Furthermore, infection of the respiratory tract was found in all groups. The authors considered that the decrease of the body weight gain at the low‐dose group were not toxicologically relevant compared to the 5% lauric acid group. At the mid‐ and high‐dose groups, the effect on body weight was treatment related. Haematological effects occurred in males and females at the mid‐ and high‐dose groups; however, the relevance of these effects was questionable. Liver lipidosis was detected in females at the mid‐ and high‐dose groups, in males only at the highest dose tested. According to the authors, this effect might be related to the fatty acid moiety and was more pronounced at the highest dose tested The Panel considered that the NOAEL of this study was 2,100 mg/kg bw per day and 2,300 mg/kg bw per day bw per day for males and females, respectively.

Groups of 10 male and 10 female Osborne--Mendel rats were fed for 23 weeks diets containing 0%, 15, 20 or 25% sorbitan monolaurate (equivalent to 0, 12,150, 16,200 and 20,250 mg/kg bw per day for males and 0, 13,650, 18,200 and 22,750 mg/kg bw per day for females, respectively) (Fitzhugh et al., [1960](#efs24788-bib-0027){ref-type="ref"}). Treated animals showed clinical signs like diarrhoea and an unkempt appearance at all dose levels; severity of diarrhoea was reduced during exposure period. At the high dose level, only one animal of each sex survived the study. Body weight gain was severely retarded at the low‐ and mid‐dose group. At necropsy, the livers of treated animals showed paleness and enlargement, with a marked enlargement of the common bile duct. Histopathology showed marked liver damage at all dose levels which consisted of fatty changes, fibrosis, chronic hepatitis and rarely focal liver cell necrosis. There was no bile duct proliferation but the common bile duct showed a fibrous thickening of the wall together with marked enlargement. The incidence of focal nephritis was elevated. There was an increase in the incidence of foamy alveolar macrophages in the lungs of treated animals. No other organs exhibited treatment related effects. The Panel noted that in this study the lowest dose tested was very high.

##### *Hamsters* {#efs24788-sec-0049}

In the feeding study in hamsters (no details about strain/species) weanling males and females (14--22 animals per sex at start of experiment) were fed diets containing sorbitan monolaurate at levels of 5% or 15% for 68 days (Harris et al., [1951b](#efs24788-bib-0032){ref-type="ref"}). Paired fed controls received 5% or 15% hydrogenated oil. No further control groups were used. Mortality up to 22% in the high‐dose group occurred in treatment but also in the control groups (8% at the high dose level and 18% at the low dose; not discussed by the authors). Compared to the paired fed controls the body weight gain was dose dependently reduced. Treated animals of the high‐dose group but not paired fed controls developed transient diarrhoea which disappeared at day 26. Two animals per group were necropsied biweekly starting the third week of exposure, 6--14 survivors per dose per sex were sacrificed at termination. Effects on relative organ weight were not detected (no details given). Treatment‐related effects were noted in the gastrointestinal tract, including mucosal and intramural hyperaemia and oedema, with mild inflammation. In the kidney of treated animals, the cortical tubular epithelium exhibited fraying at the free edges of cells, eosinophilic granularity and nuclear pyknosis; no necrosis was found but the tubular lumen was frequently filled with eosinophilic acellular material. The kidney alterations were regarded as reversible by the authors. No details about the dose were given but it can be assumed that histopathological effects were also recorded at the 5% level. The authors stated that incomplete maturation in testes and ovaries was more frequent in treated animals, no further details were reported. The Panel noted that in this study the lowest dose tested was very high.

##### Monkeys {#efs24788-sec-0050}

According to JECFA ([1982a](#efs24788-bib-0038){ref-type="ref"}) 'two Macacus rhesus monkeys of unspecified sex (initial weights 2.25 and 2.85 kg) were fed 2 cc of sorbitan monolaurate per day in their diet for 6 weeks. Because no control animals were used in the study, the haematology and growth results were difficult to interpret. Histological sections from the liver and spleen were reported to be normal in appearance. However, some kidney damage was evident, including shrinking and slight serous exudation into some of the glomerular spaces, swelling of the lining epithelium of the convoluted tubules, and fragmentation and debris in the lumina of some tubules. Because of the absence of tissue sections from control animals, the apparent kidney damage cannot be unequivocally ascribed to treatment' (Krantz, [1946](#efs24788-bib-0041){ref-type="ref"}; as referred to by JECFA, [1982a](#efs24788-bib-0038){ref-type="ref"}).

#### 3.5.3.3. Sorbitan monooleate (E 494) {#efs24788-sec-0051}

According to JECFA ([1982a](#efs24788-bib-0038){ref-type="ref"}), 'groups of 10 male white rats of unspecified strain, initial weight 100 g, were fed sorbitan monooleate at dietary levels of 0 and 10% for 6 weeks \[equivalent to 1,180 mg/kg bw per day\]. Reductions in food consumption and in rate of growth, and mild diarrhoea occurred in treated animals. Histological sections from liver and kidney showed no differences between control and treated animals. Haematological and serum clinical chemistry were carried out at weeks 3 and 6 of the study. There were no significant differences between test and control animals. At autopsy (3 weeks and 6 weeks), gross pathological and histological studies of selected organs (liver and kidney) from 3 rats showed no compound‐related effects' (Krantz, [1953](#efs24788-bib-0046){ref-type="ref"}; as referred to by JECFA, [1982a](#efs24788-bib-0038){ref-type="ref"}).

In a subchronic toxicity study (Ingram et al., [1978](#efs24788-bib-0034){ref-type="ref"}), groups of 15 male and 15 female Wistar rats were fed a diet containing 0%, 2.5%, 5% or 10% sorbitan monooleate (95% of a mixture of the partial esters of sorbitol and its mono‐ and dianhydrides with oleic acid), equivalent to 0, 2,015, 4,050 and 8,100 for male and to 0, 2,275, 4,550 and 9,100 mg/kg bw per day for female. Additional control group was fed with 4,050 or 4,550 mg oleic acid/kg bw per day for male and female, respectively, for 16 weeks. Groups of five rats of each sex were given the same treatments (except the 2.5% diet) for 2 or 6 weeks. In addition, two groups of 10 male rats were pair‐fed with 0% or 10% for 17 weeks. The Panel noted that the design of this study was comparable to current guidelines according to blood and urine analysis and histopathological examination. No clinical signs were detected. Animals exposed to the mid‐ and high‐dose groups of sorbitan monooleate showed a decreased weight gain related to a reduction in food intake presumably due to unpalatability. Reduced water intake at the mid‐ and high‐dose groups was related to the decrease in food consumption. Haematology studies showed lower values for haemoglobin, haematocrit and erythrocyte counts only in female rats fed 10% sorbitan monooleate and reduced leukocyte counts in high‐dose group males. However, increases in relative liver and kidney weights were considered by the authors to be treatment related. Relative weights of both organs were also increased in paired‐fed males (10% level). Relative liver weights in the main study were increased in males and females of the high dose group after 6 or 17 weeks of treatment, effects on absolute weight were not consistent (decreased in males but increased in females). Relative kidney weights were dose dependently increased after 6 and 17 weeks of treatment in both sexes, in the main study at all doses. Histopathology revealed renal tubular damage in the females given 5 or 10% sorbitan monooleate for 16 weeks. In females of the high‐dose group also periportal fatty changes in the liver were reported. No other compound‐related histopathological effects were detected. The validity was restricted by limited reporting (e.g. incidences in histopathology), partly incomplete histopathology (e.g. mammary gland or accessory genital organs not examined), clinical chemistry (e.g. glucose not tested) and haematology (e.g. parameter on blood clotting). The authors concluded that in view of the increased kidney weights at all treatment levels, it was not possible to establish a 'no‐untoward‐effect level' in this study. The Panel agreed with the conclusion of the authors.

### 3.5.4. Genotoxicity {#efs24788-sec-0052}

#### 3.5.4.1. *In vitro* studies {#efs24788-sec-0053}

##### Unspecified sorbitan fatty acid ester {#efs24788-sec-0054}

In the study by Isihdate et al. ([1984](#efs24788-bib-0036){ref-type="ref"}), an unspecified sorbitan fatty acid ester was assessed for its mutagenicity in the reverse mutation assay using *Salmonella *Typhimurium strains TA1535, TA1537, TA92, TA94, TA98 and TA100, at a maximum concentration of 5.0 mg/plate, in dimethylsulfoxide (DMSO) both in the absence and presence of rat S9 metabolic activation and no mutagenicity was observed. The Panel noted that the study complies with current OECD Guideline 471 with the exception that tester strains TA102 or WP2uvrA bearing AT mutation were not used. However, due to reporting deficiencies concerning the identity of the sorbitan fatty acid ester, the test result had only limited relevance.

In a chromosomal aberration assay using a Chinese hamster fibroblasts cell line, an unspecified sorbitan fatty acid ester was assessed for its clastogenicity in the absence of S9 metabolic activation only (Isihdate et al., [1984](#efs24788-bib-0036){ref-type="ref"}). Equivocal results were observed for induction of chromosomal aberrations (maximum incidence of 8%) and for polyploidy (5%) at 48 h sampling time at a concentration of 0.3 mg/mL in the absence of metabolic activation. However, the Panel noted that the identity of the test item is not clear, that gaps were included in the analysis of chromosomal aberrations, that the sampling time was set at 48 h, a time laps excessively long compared to the current recommendation indicated in the OECD Guideline 473 of 1.5 cell cycle (e.g. 18--20 h) and that the results were not reported in detail. Therefore, the relevance of the result was low.

##### Sorbitan monostearate (E 491) {#efs24788-sec-0055}

Inoue et al. ([1980](#efs24788-bib-0035){ref-type="ref"}) tested sorbitan monostearate (commercial product, no further details) for induction of gene mutation in the Ames test with *S*. Typhimurium tester strains TA98 and TA100 in the absence and presence of a rat S9 metabolic activation system at concentrations up to 2,000 μg/plate. No mutagenic activity was found. However, the Panel considered the study of limited validity since further strains were not tested and the top concentration used did not reach the recommended maximum level of 5 mg/plate and no cytotoxic effects were observed.

Callander et al. (1995 \[Documentation provided to EFSA n. 1\]) report that sorbitan monostearate did not induce mutagenicity in *S*. Typhimurium tester strains TA98 and TA100 in the presence and absence of rat S9 metabolic activation system. The Panel noted that the reliability of this study was limited due to deviations from the OECD guideline 471 concerning the number of bacterial strains used.

In a study reported by US‐EPA ([2010](#efs24788-bib-0067){ref-type="ref"}) (no original reference given), the potential of sorbitan monostearate to induce chromosomal aberrations was investigated in Chinese hamster lung cells at concentrations of 130, 250 or 500 μg/mL in the absence and 1,100, 2,200 or 4,300 μg/mL in the presence of a metabolic activation system. The results obtained indicated induction of aneugenic effects and chromosomal aberrations at any of the concentrations assayed in the presence of S9 metabolic activation. Due to reporting deficiencies, the reliability of this study and the relevance of the result cannot be evaluated.

##### Sorbitan monolaurate (E 493) {#efs24788-sec-0056}

The mutagenic potential of sorbitan monolaurate (purity greater than 80%) was assessed in the *in vitro* mammalian cell gene mutation assay using L5178Y (Tk^+/−^) mouse lymphoma cells in two independent repeats (NOTOX BV, 2010a \[Documentation provided to EFSA n. 12\]). In the first experiment, sorbitan laurate was assayed up to concentrations of 175 and 250 μg/mL both in the absence and presence of a rat liver S9 metabolism (8% v/v), respectively, following a treatment of 3 h. In the second independent experiment, sorbitan laurate was assayed up to concentrations of 225 μg/mL in the absence of rat liver S9 metabolism following 24 h treatment and up to concentrations of 275 μg/mL following a treatment of 3 h in the presence of rat liver S9 metabolism (12% v/v). In both experiments, the highest levels of cytotoxicity reported ranged from 83% to 88% and precipitation of sorbitan laurate in culture medium was observed starting from concentration of 150 μg/mL. The results obtained indicated that the mutation frequencies were similar to (and not significantly different from) those observed in concurrent vehicle controls at all sorbitan monolaurate experimental points analysed both in the absence and presence of rat liver S9 metabolism indicating sorbitan monolaurate was not mutagenic under the reported experimental conditions. The Panel noted that the study was conducted according to Good Laboratory Practice (GLP) and following the OECD guideline No. 476. The Panel agreed with the conclusion of the author.

Sorbitan monolaurate (purity greater than 80%) was also assayed for its ability to induce chromosome aberrations in cultured peripheral human lymphocytes (Notox BV, 2010b \[Documentation provided to EFSA n. 13\]). Short treatments (3 h) and sampling of cultures at 24 h were performed up to concentration of 333 μg/mL, both in the absence and presence of rat liver S9 metabolism. For the short treatment, an extended sampling time at 48 h was also performed up to concentration of 300 μg/mL. Long treatments (24 and 48 h) were performed in the absence of rat liver S9 metabolism with sampling at 24 and 48 h, respectively. The concentrations used were up 600 and 500 μg/mL in the 24 and 48 h treatments, respectively. Precipitation of sorbitan monolaurate in culture medium was observed starting from concentration of 300 μg/mL. The results obtained indicated that the frequencies of chromosomal aberrations were similar to (and not significantly different from) those observed in concurrent vehicle controls at all experimental points analysed both in the absence and presence of rat liver S9 metabolism indicating the absence of a clastogenic potential of sorbitan monolaurate *in vitro*. In addition, no increases in the number of both polyployd and endoreduplicated cells were observed both in the absence and presence of rat liver S9 metabolism indicating that sorbitan monolaurate did not interfere with mitotic processes and cell cycle progression. The Panel noted that the study was conducted according to GLP and following the OECD guideline No. 473. The Panel agreed with the conclusions of the author.

#### 3.5.4.2. *In silico* studies {#efs24788-sec-0057}

An in silico study was performed with the OECD QSAR Toolbox[19](#efs24788-note-1024){ref-type="fn"} to predict the potential genotoxic effect of sorbitan esters (E 491, E 492, E 493, E 494 and E 495). No relevant structural alerts for genotoxicity were highlighted in the following profilers:

'DNA binding by OECD' and 'DNA binding by OASIS';*in vitro* genotoxicity: 'Alerts for Ames, chromosomal aberrations and micronuclei by Oasis 1.2';'*in vitro* mutagenicity by ISS';'Carcinogenicity (genotoxic and nongenotoxic) by ISS*'*.

The two alerts detected by the profiler '*in vivo* mutagenicity (micronucleus) alerts by ISS', namely the 'Hacceptor‐path3‐Hacceptor' and 'Oxolane' were considered not relevant. The 'Hacceptor‐path3‐Hacceptor' refers to the possibility of non‐covalent binding to DNA or proteins as a result of the presence of two bonded atoms connecting two hydrogen bond acceptors. However, the Panel noted that the positive predictivity of such alerts for *in vivo* genotoxicity was quite low, ranging from 'none' (34%) to just 63% depending on the database, with a high incidence of false positives (Benigni et al., [2010](#efs24788-bib-0002){ref-type="ref"}, [2012](#efs24788-bib-0003){ref-type="ref"}).

Concerning the 'Oxolane' alert, the Panel noted that the oxolane (tetrahydrofuran) moiety represents the chemical skeleton of biological important aldopentoses, including cyclic sorbitol, and that the alleged positive of this structure for the *in vivo* micronucleus test is secondary to the presence of the oxolane moiety in the nucleoside‐analogue drugs included in the ISSMIC database. Substances bearing the oxolane moiety and that were positive in the *in vivo* micronucleus were in fact nucleoside analogues able to inhibit DNA polymerase function and/or to be incorporated into DNA as fraudulent nucleosides (i.e. azidothymidine, 8‐chloroadenosine monophosphate, 2,3 dideoxyadenosine, 5‐azacytidine, ribavirin, cytarabine hydrochloride, 2,3‐dideoxycytidine). On the other hand, such activity is not associated with simple oxolanes, e.g. ribose, and not mechanistically plausible for polysorbates, which are structurally unrelated to nucleosides (OECD QSAR Toolbox).

Overall, the Panel noted that no experimental *in vitro* and *in vivo* data were available for sorbitan tristearate, sorbitan monooleate, sorbitan monopalmitate and limited studies with different shortcomings were available for sodium monostearate. However, for sorbitan monolaurate the results obtained in the *in vitro* chromosomal aberrations assay in cultured peripheral human lymphocytes and in the *in vitro* mammalian cell gene mutation assay in L5178Y (Tk^+/−^) mouse lymphoma cells, both performed according to GLP and following the OECD Guidelines 473 and 476, were considered by the Panel sufficient to evaluate its genotoxicity at gene, chromosome and genome level and to cover by read‐across the limited (sorbitans monostearate) or missing data for sorbitan tristearate, sorbitan monooleate and sorbitan monopalmitate. Furthermore, no relevant structural alert for genotoxicity for both, *in vitro* (Ames test, chromosomal aberrations and micronucleus assays) and *in vivo* (micronucleus test), have been observed for any of the sorbitan esters -- E 491, E 492, E 493, E 494 and E 495 -- when assessed in silico (OECD QSAR Toolbox).

Therefore, the Panel considered that sorbitan monostearate (E 491), sorbitan tristearate (E 492), sorbitan monolaurate (E 493), sorbitan monooleate (E 494) and sorbitan monopalmitate (E 495) did not raise concern with respect to genotoxicity.

### 3.5.5. Chronic toxicity and carcinogenicity {#efs24788-sec-0058}

#### 3.5.5.1. Sorbitan monostearate (E 491) {#efs24788-sec-0059}

##### Mice {#efs24788-sec-0060}

Sorbitan monostearate was tested in a feeding study for chronic oral toxicity in TO mice (Hendy et al., [1978](#efs24788-bib-0033){ref-type="ref"}). The test substance consisted of approximately 95% of a mixture of the partial esters of sorbitol and its mono‐ and dianhydrides with stearic acid. Groups of 48 male and 48 female mice were fed *ad libitum* diets containing 0%, 0.5%, 2.0% or 4.0% (equal to 0, 650, 2,600 and 5,200 mg/kg bw per day for male and to 0, 835, 3,340 and 6,680 mg/kg bw per day for female) for 80 weeks. Clinical signs were recorded 'frequently' (no further details given) and moribund animals were sacrificed and necropsied except autolytic animals. In 16 males per dose, the body weight was measured at monthly intervals. Blood sampling was performed in 10 mice per dose per sex at week 12 and 52 as well as in survivors at week 80 for haematology (haemoglobin, red and white blood cell counts, haematocrit, differential white cell counts). At week 80, all mice were sacrificed and numerous organs were examined histopathologically. No clinical signs were detected. There was no difference in mortality rate between controls and treated groups. Body weight gains of males were normal except for the high dose group; a transient reduction in body weight was found, significant at week 37. At termination, the body weight in males was significantly reduced at the low‐ and high‐dose groups without any dose dependency. Haematology at week 80 revealed no effects at the lowest doses. At the highest dose, the males had significant higher erythrocyte count (6.74 × 10^6^/mm^3^ vs 5.93 × 10^6^/mm^3^ in controls) and females lower leukocyte count (7.3 × 10^3^/mm^3^ vs 11.0 × 10^3^/mm^3^ in controls) but increased neutrophils (27% vs 17% in control); historical data were not given. Dose‐dependent consistent effects on organ weights were not found except increased absolute and relative kidney in high‐dose group females. Histopathology revealed no effects except a significant increase in the incidence of nephrosis in male and female mice at the 4% dose level. No increase in tumour incidences was found. According to the authors, the NOAEL in this study was 2% in the diet (equal to 2,600 mg/kg bw per day in male and 3,340 mg/kg bw per day in female). The Panel agreed with this NOAEL.

##### Rats {#efs24788-sec-0061}

Thirty rats were fed a diet containing 5% sorbitan monostearate for up to 2 years. Growth rate and survival were similar to those of the controls. There were no histological abnormalities post mortem that could be attributed to the treatment (Krantz, [1947a](#efs24788-bib-0042){ref-type="ref"}; as referred to by JECFA, [1982a](#efs24788-bib-0038){ref-type="ref"}).

In a screening study on seven different emulsifiers (Oser and Oser, [1956a](#efs24788-bib-0051){ref-type="ref"}, [1957a](#efs24788-bib-0053){ref-type="ref"},[b](#efs24788-bib-0054){ref-type="ref"}), sorbitan monostearate was fed *ad libitum* at concentrations of 0%, 5%, 105 and 20% in the basal diet (equivalent to 0, 2,200, 4,500 and 9,000 mg/kg bw per day in male and to 0, 2,900, 5,800 and 11,600 mg/kg bw per day in female) to groups of 12 male and 20 female Wistar rats for 2 years. Matings of F~0~ within the same dose group started 5 weeks after initiation of exposure, the first litter was discarded at weaning, the second matings of F~0~ for F~1~ generation started after 12 weeks. Totally four generation were examined: F~0~--F~3~ (see details in the reproduction Section [3.5.6](#efs24788-sec-0066){ref-type="sec"}). Statistically significant reduction in body weight gain as compared with the controls was found in males but not in females at the 20% level; no significant effects were detected in the low‐ and mid‐dose groups. Result on food consumption data of F~0~--F~3~ (n = 5 per sex) were combined for both sexes so that a comparison with body weight gain was hampered. Data on efficiency of caloric utilisation (the weight gain per 100 cal. consumed) did not reveal any significant differences in F~0~--F~3~ (Oser and Oser, [1956a](#efs24788-bib-0051){ref-type="ref"}). The initial generation and presumably also the succeeding generations (limited documentation) showed no effect at any dose level (Oser and Oser, [1957a](#efs24788-bib-0053){ref-type="ref"}). Neither the percentage of survival at week 104 nor the mean survival time of F~0~ was influenced by the treatment (Oser and Oser, [1957b](#efs24788-bib-0054){ref-type="ref"}). No deviation from the normal range was found at any dose in blood analysis. Urinalysis showed no difference with control (Oser and Oser, [1957a](#efs24788-bib-0053){ref-type="ref"}). Complete histopathology was performed only in two rats per sex at the high‐dose group. Histopathology of the liver and kidney was available in all groups but histopathology was further restricted to 8--10 organs examined per dose level (sexes combined). Lungs of both test and control animals showed pathologic alteration suggesting respiratory disease. Kidney weights were dose dependently increased, slightly at the mid dose (20% increase compared with control) but marked at the high dose (70% increase). Focal liver necrosis was detected in 3/9 rats of the high‐dose group and in 1/8 mid‐dose group but not in 9 controls. The authors reported an increased organ weight for these affected livers. Chronic glomerular nephritis was not found in controls but in 3/8 rats of the mid‐dose group and in 3/10 high‐dose group (Oser and Oser, [1957b](#efs24788-bib-0054){ref-type="ref"}). Although this long‐term feeding study has several limitations (insufficient reporting, low number of animals, limited histopathology and organ weight data, no statistical analysis, infection of the respiratory tract in all groups), the results suggested treatment related effects in the liver at the highest dose tested and in the kidney at the mid‐ and high‐dose tested. According to the authors, the NOAEL in this study was considered to be the 5% level equivalent to 2,200 and 2,900 mg/kg bw per day for male and female, respectively. The Panel considered this study too limited for the identification of a reliable NOAEL for the hazard characterisation.

The chronic oral toxicity of sorbitan monostearate was evaluated in a 2‐year feeding study using weanling Osborne--Mendel rats (Fitzhugh et al., [1959](#efs24788-bib-0026){ref-type="ref"}). Sorbitan monostearate was fed *ad libitum* at concentrations of 0%, 2%, 5%, 10% and 25% (equivalent to 0, 900, 2,200, 4,500 and 11,250 mg/kg bw per day in male and to 0, 1,160, 2,900, 5,800 and 14,500 mg/kg bw per day in female) to groups of 12 males and 12 females during 104 weeks. Clinical signs were recorded 'frequently' as stated by the authors (no further details available), and body weights and food intake were reported weekly. Survival rates were significantly decreased in the 10% and 25% groups, no effects were seen at dose equal and inferior to 5% in the diet. Haematology revealed no effects on erythrocyte and leukocyte counts, haemoglobin or differential blood counts in any treatment group. Organ weights of the liver (absolute weight 40.3 ± 2.3 g vs 25.8 ± 1.0 g in control) and kidneys were significantly increased (no details available) (males and females combined in the document) at the highest dose, and a slight increase in hepatic cell vacuolation was found in histopathology at the high‐dose level. These effects were considered by the authors to be indicative of fatty change. No effects were reported in the kidney. This long‐term feeding study in rats suggested a NOAEL of 5% in the diet (equivalent to 2,200 and 2,900 mg/kg bw per day for male and female, respectively) with respect to the effects on survival. However, the Panel considered that the reliability of this study was limited due to the low number of treated animals, limited reporting (e.g. no data on incidences), and the absence of clinical chemistry and urinalysis data.

#### 3.5.5.2. Sorbitan tristearate (E 492) {#efs24788-sec-0062}

According to JECFA ([1982a](#efs24788-bib-0038){ref-type="ref"}), 'a life‐span (2‐year) chronic feeding study was conducted on 30 male rats, using 5% sorbitan tristearate in their diet. From this experiment it was concluded that there was no alteration in the growth pattern or survival of the test rats as compared to the controls, nor were there any abnormalities that could be attributed to the experimental diet' (Krantz, [1947b](#efs24788-bib-0043){ref-type="ref"}; as referred to by JECFA, [1982a](#efs24788-bib-0038){ref-type="ref"}).

#### 3.5.5.3. Sorbitan monolaurate (E 493) {#efs24788-sec-0063}

According to JECFA ([1982a](#efs24788-bib-0038){ref-type="ref"}), 'a life‐span (2‐year) study was conducted with 30 white male rats (strain unspecified, initial weights 54--63 g) that were given 5% sorbitan monolaurate in their daily diet. No effect on growth or mortality of the test rats, as compared with controls, could be attributed to the test compound. Blood chemistry, haematology, histopathological examinations and gross pathological examinations of liver, kidney, spleen, brain, adrenals, urinary bladder, gastrointestinal tract, pancreas, thyroid, heart, lung, testicle, salivary gland, prostate, parathyroid, pituitary, striated muscle and bone marrow were carried out both during the study, following interim sacrifice at 6, 12 and 17 months, and at termination of the study. No treatment‐related changes were reported' (Krantz, [1950a](#efs24788-bib-0044){ref-type="ref"}; as referred to by JECFA, [1982a](#efs24788-bib-0038){ref-type="ref"}).

#### 3.5.5.4. Sorbitan monooleate (E 494) {#efs24788-sec-0064}

According to JECFA ([1982a](#efs24788-bib-0038){ref-type="ref"}) 'a group of 30 white male rats (strain unspecified, initial weight (54--63 g) were maintained on a diet containing 5% sorbitan monooleate for a period of 2 years \[equivalent to 2,250 mg/kg bw per day\]. There was a minor retardation of growth, and no effect on mortality. Haematology and serum clinical chemistry tests were carried out at months 6, 12 and 17 of the study. No compound‐related effects were reported. At months 6, 12 and 17, 1 control and 1 test animal were sacrificed for histopathological examination of liver, kidney and bone marrow, and at week 104, all surviving animals were sacrificed. At autopsy, gross pathological and histopathological examination of brain, spleen, pancreas, thyroid, parathyroid, prostate, pituitary gland, salivary gland, adrenal, bladder, bone marrow, heart, lymph node, lung, testicle and muscle did not show any compound‐related effects' (Krantz, [1950b](#efs24788-bib-0045){ref-type="ref"}; as referred to by JECFA, [1982a](#efs24788-bib-0038){ref-type="ref"}).

#### 3.5.5.5. Sorbitan monopalmitate (E 495) {#efs24788-sec-0065}

According to JECFA ([1982a](#efs24788-bib-0038){ref-type="ref"}) 'a life‐span (2‐year) study in 30 male rats given 5% sorbitan monopalmitate \[equivalent to 2,250 mg/kg bw per day\] in their daily diet showed no alteration in the growth pattern or survival of the test rats, as compared with controls, and no abnormalities that could be attributed to the experimental diet. Blood studies and histopathological studies of the principal viscera were made during and at the end of the experiment. Examination of the brain, spleen, pancreas, adrenal gland, bladder, bone marrow, heart, lymph nodes, lung, testicle and muscle, revealed nothing of a pathological nature attributable to the experimental diet' (Krantz, [1947a](#efs24788-bib-0042){ref-type="ref"}; as referred to by JECFA, [1982a](#efs24788-bib-0038){ref-type="ref"}).

Overall, the Panel considered the validity of the long‐term studies performed in rats insufficient to be used for hazard characterisation. In an adequate long‐term study in mice, the NOAEL was 2% in the diet (equal to 2,600 mg sorbitan monostearate/kg bw per day). Furthermore, there was no indication of carcinogenicity in long‐term studies in mice and rats.

### 3.5.6. Reproductive and developmental toxicity {#efs24788-sec-0066}

In a long‐term feeding study (Oser and Oser, [1956a](#efs24788-bib-0051){ref-type="ref"},[b](#efs24788-bib-0052){ref-type="ref"}, [1957a](#efs24788-bib-0053){ref-type="ref"},[b](#efs24788-bib-0054){ref-type="ref"}) sorbitan monostearate was fed ad libitum at concentrations of 0%, 5%, 10%, and 20% in the basal diet (equivalent to 0, 2,220, 4,500 and 9,000 mg/kg bw per day in male and to 0, 2,900, 5,800 and 11,600 mg/kg bw per day in female) to groups of 12 male and 20 female Wistar rats for 2 years. In Oser and Oser ([1956b](#efs24788-bib-0052){ref-type="ref"}), effects on reproduction and lactation were reported. Other endpoints are documented in Section [3.5.5](#efs24788-sec-0058){ref-type="sec"}. Matings were continued in the F~0~ generation throughout the entire 2‐year period resulting in totally six matings. First litters were discarded at weaning. From the second litters, 10 rats per sex were selected for F~1~ generation. These F~1~ generation animals were raised to maturity and mated like the F~0~ generation. The second litters of the F~2~ generation were carried through the same breeding programme. Similarly, F~3~ rats were raised to maturity for growth observations but not mated because the entire study was terminated when the F~0~ rats reached 2 years on test.

Litter production through entire F~0~ generation (20--21 females per group) was not affected; but the viability index was reduced at the 10% level (83% in control vs 64%). In the high‐dose F~0~ group, the viability index was 51%. A dose‐dependent reduction in the body weight of weanling rats was observed for the high‐dose group (30.7 g vs 43.3 g). Similar results were obtained in F~1~ and F~2~ rats (data on two matings summarised). In the 20% group, the viability index in F~1~ was reduced to 60% (vs. 86% in control) and the body weight of weanling rats reduced to 31.5 g vs 40.9 g in control. In F~2~ additionally, a reduced fertility index was found at the high dose level (30% vs 84%) but not at the mid‐ and low‐dose groups. The Panel noted that no statistical analyses of the data were done. Fertility and gestation parameters for the F~0~ generation were not affected but post‐natal viability and pup weight at weaning were reduced in the 20% dose group. Similar results were reported in F~1~ and F~2~ generation. The authors suggested that this was due to maternal neglect and reduced milk production. In the F~2~ generations, the fertility index was reduced at the high dose level which was not discussed by the authors. The reliability of the study was limited by discrepancies between methodological documentation and reported results and missing statistical analysis. The Panel considered that the study was not sufficient for evaluation of the reproductive toxicity.

In a prenatal developmental toxicity study (Takada et al., [1986](#efs24788-bib-0062){ref-type="ref"}), pregnant Wistar rats were administrated by gavage once daily throughout the entire gestation period. Sorbitan monostearate (95% purity) was dissolved in squalane, the concentration in vehicle was a maximum of 20%. Rats received a dose of 500 or 1,000 mg/kg bw per day, the two control groups received the vehicle squalane or distilled water. Initially 20 mated rats per group were used. Clinical signs and body weight of dams were recorded daily. Necropsy was performed at gestation day 20 after Caesarean section. In each group, 12 or 13 dams underwent Caesarean section for observation of term fetuses. The number of corpora lutea, number of implantations, number of live and dead fetuses, fetal weight and external malformations were recorded. The fetal skeletons were examined. Five dams per group were allowed to deliver naturally and dams nursed the pups up to 3 weeks of age for evaluation of post‐natal development. The offspring was then sacrificed, necropsied and skeletons of the pups were examined. Fetal examinations for soft tissue alterations were not done. No adverse effects on all parameters were noted. The Panel noted that the design of this study was comparable to OECD TG 414. However, the validity was restricted due to the fact that no soft tissue alterations were investigated in the fetuses and the number of mated females was too low. The Panel considered that under the experimental conditions used in this gavage study no developmental toxicity was detected in rats after gavage of the recommended limit dose of 1,000 mg/kg bw per day, the highest dose tested.

Overall, the Panel considered that the available data were not sufficient to assess the reproductive and developmental toxicity of sorbitan monostearate.

### 3.5.7. Hypersensitivity, allergenicity and food intolerance {#efs24788-sec-0067}

No data on hypersensitivity, allergenicity or intolerance for sorbitan esters (E 491--495) used as food additives were available to the Panel.

### 3.5.8. Studies with other emulsifiers {#efs24788-sec-0068}

In several recent studies, some other emulsifiers have been reported to alter the gut microbiota, to promote gut inflammation, obesity and to impair glycaemic control (Swidsinski et al., [2009a](#efs24788-bib-0060){ref-type="ref"},[b](#efs24788-bib-0061){ref-type="ref"}; Renz et al., [2012](#efs24788-bib-0055){ref-type="ref"}; Merga et al., [2014](#efs24788-bib-0050){ref-type="ref"}; Cani and Everard, [2015](#efs24788-bib-0005){ref-type="ref"}; Chassaing et al., [2015](#efs24788-bib-0007){ref-type="ref"}; Romano‐Keeler and Weitkamp, [2015](#efs24788-bib-0056){ref-type="ref"}; Lecomte et al., [2016](#efs24788-bib-0047){ref-type="ref"}). The Panel noted that, even though some of these effects are not systematically studied in toxicity studies performed according to toxicity testing guidelines, they would be investigated on a case by case basis if indicated by the results of the general toxicity testing as recommended in the Guidance for submission of food additives (EFSA ANS Panel, [2012](#efs24788-bib-0014){ref-type="ref"}). The Panel considered that additional studies will be needed to show the relevance of the effects seen in mice for human health.

3.6. Discussion {#efs24788-sec-0069}
---------------

The Panel noted that the sorbitan moiety of sorbitan esters (E 491--495) contains four chiral centres (i.e. asymmetrically substituted carbon atoms). Accordingly, it could theoretically exist 16 (2^4^) different optical isomers. Furthermore, according to Thyssen and Andersen ([1998](#efs24788-bib-0064){ref-type="ref"}), a sorbitan ester may include more than 200 possible congeners. The Panel also noted that the stereochemical composition of the sorbitan esters (E 491--495) is not specified in Regulation (EU) No 231/2012. Geometrical and optical isomers of substances may have different properties resulting in possible variability in their absorption, distribution, metabolism, elimination and toxicity. However, since the stereochemical composition of the sorbitan esters is not indicated in the available toxicological data nor in the reported uses, the possible stereoisomerism could not be considered in this assessment.

The Panel noted that recent studies with other emulsifiers had demonstrated effects on the microbiota, which might also be relevant to emulsifiers in general; however, there were no specific studies on sorbitan esters and effects on the microbiota itself.

The Panel noted that there were indications from toxicokinetic studies in rats with radiolabelled sorbitan monostearate that this sorbitan ester could be either hydrolysed to its fatty acid moiety and the corresponding anhydrides of sorbitol or excreted intact in the faeces. The Panel noted that the hydrolysis of sorbitan esters will results in the release of sorbitol which is authorised as a sweetener (E 420), isosorbide, sorbitan and fatty acids. After absorption, sorbitan and isosorbide moieties, sorbitol or metabolites thereof were excreted via urine or exhaled as CO~2~. Fatty acids (E 570) including lauric acid, palmitic acid, stearic acid and oleic acid have been re‐evaluated by the ANS Panel and concluded that the food additive fatty acids (E 570) was of no safety concern at the reported uses and use levels (EFSA ANS Panel, [2017](#efs24788-bib-0015){ref-type="ref"}). The fatty acid moiety enters the endogenous metabolism of fatty acids. The Panel considered that in case intact sorbitan monostearate be absorbed it would be hydrolysed presystemically.

No ADME data were available for E 492, E 493, E 494 and E 495. However, the Panel considered that these sorbitan esters will follow the same metabolic and excretion pathways as sorbitan monostearate (E 491).

The Panel considered that sorbitan esters (E 491, E 492, E 493, E 494 and E 495) had a very low acute toxicity.

The Panel considered that in the subchronic toxicity studies on sorbitan monolaurate the effects on the weight of the kidneys, which in female rats were associated with histopathological tubular changes, could be attributed to the excretion of large quantities of the sorbitan moiety in the urine. Subchronic toxicity studies were not available or too limited for sorbitan oleate, sorbitan monostearate, sorbitan tristearate or sorbitan monopalmitate.

The Panel noted that no experimental *in vitro* and *in vivo* genotoxicity data were available for sorbitan tristearate, sorbitan monooleate, sorbitan monopalmitate and limited studies with different shortcomings were available for sodium monostearate. However, the available data for sorbitan monolaurate and the in silico evaluation were sufficient to consider that sorbitan esters -- E 491, E 492, E 493, E 494 and E 495 -- did not raise concern with respect to genotoxicity.

The Panel considered the validity of the long‐term studies performed in rats insufficient to be used for hazard characterisation. In an adequate long‐term study in mice, the NOAEL was 2% in the diet (equal to 2,600 mg sorbitan monostearate/kg bw per day). Furthermore, there was no indication of carcinogenicity in long‐term studies in mice and rats.

The Panel considered that the available reproductive and developmental toxicity studies with sorbitan monostearate had limitations but no adverse effects were reported.

The Panel considered that the available database on sorbitan monostearate (E 491) was sufficient to allocate an ADI based on the NOAEL of 2,600 mg sorbitan monostearate/kg bw per day in male mice identified in a long‐term toxicity study (Hendy et al., [1978](#efs24788-bib-0033){ref-type="ref"}).

The Panel noted that the available biological and toxicological data for sorbitan tristearate (E 492), sorbitan monolaurate (E 493), sorbitan monooleate (E 494) and sorbitan monopalmitate (E 495) were limited but considered that a read across with data on sorbitan monostearate can be performed based on:

the assumption that sorbitan tristearate (E 492), sorbitan monolaurate (E 493), sorbitan monooleate (E 494) and sorbitan monopalmitate (E 495) were hydrolysed, similarly to sorbitan monostearate, to sorbitol, isosorbide, sorbitan and their corresponding fatty acids.the presumption that the adverse effects (increased kidney weight and nephrosis) observed in the long‐term toxicity study in mice, exposed to sorbitan monostearate were due to the sorbitan moiety which is in common to all sorbitan esters.structural similarities between sorbitan monostearate (E 491), sorbitan monolaurate (E 493) and sorbitan monopalmitate (E 495). All of them contain saturated fatty acids, the difference being in the number of carbons in the carbon chain; 12, 16 and 18 for sorbitan monolaurate (E 493), sorbitan monopalmitate (E 495) and sorbitan monostearate (E 491), respectively.sorbitan monooleate (E 494) contains oleic acid, a *cis*‐mono unsaturated fatty acid with 18 carbons and a double bond which is reduced in the first step of its metabolism. Thereafter, it follows the same degradation pathway as the saturated fatty acids.the degradation pathway of fatty acids, which was the same whatever the number of carbons in saturated fatty acids, resulting in the final production of CO~2~.

Accordingly, the Panel considered that there was no need for a separate ADI for sorbitan monolaurate (E 493) and sorbitan monooleate (E 494).

Based on the NOAEL of 2,600 mg sorbitan monostearate/kg bw per day identified in a long‐term toxicity study in mice, taking into account the ratio between the molecular weight of sorbitan monostearate (430.62 g/mol) and sorbitan (164.16 g/mol), and applying an uncertainty factor of 100, the Panel derived a group ADI of 10 mg/kg bw per day expressed as sorbitan for sorbitan monostearate (E 491), sorbitan tristearate (E 492), sorbitan monolaurate (E 493), sorbitan monooleate (E 494) and sorbitan monopalmitate (E 495) singly or in combination. This group ADI of 10 mg sorbitan/kg bw per day is, for example, equivalent to 26 mg sorbitan monostearate/kg bw per day.

To assess the dietary exposure to sorbitan esters (E 491--495) from their use as food additives according to Annex II to Regulation 133/2008, the exposure was calculated based on (1) MPLs (defined as the *regulatory maximum level exposure assessment scenario*) and (2) reported use levels (defined as the *refined exposure assessment scenario*) for the brand‐loyal and the non‐brand‐loyal scenario.

In the absence of any information on the identity(ies) of the sorbitan ester(s) on which the MPLs and the reported use levels were expressed, the Panel calculated the exposure to sorbitan esters (E 491--495) by assuming that they were expressed as sorbitan monostearate.

Sorbitan esters (E 491--495) are used as emulsifying agents in a wide range of foods and it is therefore not expected that brand‐loyalty will result in higher exposures in certain individuals. The Panel therefore selected the *non‐brand‐loyal* refined scenario as the most relevant exposure scenario for these food additives. In the *non‐brand‐loyal scenario*, mean exposure to sorbitan esters (E 491--495) ranged from 0.02 mg sorbitan monostearate/kg bw per day in infants to 10.6 mg sorbitan monostearate/kg bw per day in toddlers. The 95th percentile of exposure to sorbitan esters (E 491--495) ranged from \< 0.01 mg sorbitan monostearate/kg bw per day in infants to 24.1 mg sorbitan monostearate/kg bw per day in toddlers. The Panel noted that the main food contributing to exposure in this scenario were fine bakery wares and desserts excluding products covered in categories 1, 3 and 4.

The refined exposure estimates were based on 10 out of 19 food categories in which sorbitan esters (E 491--495) are authorised. Based on the assumption that the food additives are not used in the food categories for which no usage data were provided by food industry, the refined scenario would in general result in an overestimation of exposure according to Annex II of Regulation (EC) No 1333/2008. The Panel noted that no use levels were reported for eight food categories, while information from the Mintel GNPD showed that, for five out of these eight food categories sorbitan esters (E 491--495) were labelled, representing at most 0.6% of the total food items within the food categories. Overall, the Panel considered that exposure to sorbitan esters (E 491--495) from the food categories for which no usage data were reported was likely to have negligible impact on the refined exposure assessment.

The Panel noted that other potential sources of dietary exposure (in particular according to Annex III Part 1, 2 and 5) to sorbitan esters (E 491--495) were not considered in both exposure assessment scenarios because no data were available. Analytical data on the actual presence of sorbitan esters (E 491--495) in food are needed to reduce the sources of uncertainty.

The Panel performed the risk characterisation by comparing the *non‐brand‐loyal scenario* exposure estimates of sorbitan esters (E 491--495) with the group ADI of 10 mg sorbitan/kg bw per day equivalent to 26 mg sorbitan monostearate/kg bw per day. The Panel noted that the mean and the 95th percentile level did not exceed the ADI expressed as 26 mg sorbitan monostearate/kg bw per day in any of the population groups.

An additional request to remove the congealing range from the EU specifications for sorbitan monostearate (E 491), sorbitan tristearate (E 492) and sorbitan monopalmitate (E 495) was submitted to EFSA.

The applicant provided information on the composition of commercial stearic acid used for manufacturing of sorbitan monostearate (E 491) and sorbitan tristearate (E 492). As there is a lack of definition and/or specifications of 'commercial stearic acid', this appeared to contain stearic acid varying from 48.6--50.0% and palmitic acid 48.7--50.0% of the fatty acid moiety. The applicant has also demonstrated that the same samples of the food additives sorbitan monostearate (E 491) and sorbitan tristearate (E 492), when analysed by two of the few internationally available laboratories performing congealing point analysis (one internal and one external), ended up to significantly different values due to a lack of a clear and common methodology.

Based on the information provided, Panel noted that:

congealing point correlates with the content of the fatty acid included in the name of the food additive, especially the content of stearic acid in sorbitan monostearate (E 491) and sorbitan tristearate (E 492).if the reference to congealing point would be deleted, the product would become less identifiable and the only remaining criterion, solubility, may not be sufficient to distinguish those products. It has also to be highlighted, that there is no definition in JECFA for 'dispersible' in solubility.despite the statement from the industry that nothing has changed in production process for decades, the composition of the raw materials may have changed (i.e. the content of minor constituents, the content of stearic acid in edible palmitic acid that is a raw material for manufacturing of sorbitan mono palmitate (E 495)).'Commercial stearic acid' mentioned as a starting material in the definition of the EU specifications of the food additives sorbitan monostearate (E 491) and sorbitan tristearate (E 492) appears to consist only of 50% stearic acid. Under consideration that the rest of the starting material 'commercial stearic acid' consists mainly of palmitic acid, the use of the food additive sorbitan monostearate (E 491) and sorbitan tristearate (E 492), containing an equimolecular mixture of stearic and palmitic acid, would not raise a safety concern regarding their fatty acid moiety. Nevertheless, the fact that the food additive sorbitan monostearate (E 491) could consists of sorbitan monostearate and monopalmitate in equal amounts and sorbitan tristearate (E 492) consists of sorbitan tristearate and tripalmitate in equal amounts would mislead consumers regarding the nature and the identity of the food additive according to Regulation (EU) No 1169/2011 (article 7 paragraph 1 a). Furthermore, as no data on the fatty acid composition of the food additive sorbitan monopalmitate (E 495) have been provided to the Panel, it cannot be excluded that sorbitan monostearate (E 491) and sorbitan monopalmitate (E 495) are identical.

Finally, if there is a need to differentiate between sorbitan monostearate (E 491) and sorbitan monopalmitate (E 495), or to restrict the content of fatty acids other than stearic acid for sorbitan tristearate (E 492), congealing range could be replaced by another identification parameter such as melting range.

4. Conclusions {#efs24788-sec-0070}
==============

The Panel concluded that the present data set give reason to revise the ADI of 25 mg/kg bw per day for sorbitan monostearate (E 491), sorbitan tristearate (E 492) and sorbitan monopalmitate (E 495) and the ADI of 5 mg/kg bw per day for sorbitan monolaurate (E 493) and sorbitan monooleate (E 494) allocated by the SCF in 1978.

The Panel concluded that there is no need for a separate ADI (E 493 and E 494) and established a group ADI of 10 mg/kg bw per day, expressed as sorbitan, for sorbitan esters (E 491, E 492, E 493, E 494 and E 495) singly or in combination based on the NOAEL of 2,600 mg sorbitan monostearate/kg bw per day identified in a long‐term toxicity study in mice, taking into account the ratio between the molecular weight of sorbitan monostearate (430.62 g/mol) and sorbitan (164.16 g/mol) and applying an uncertainty factor of 100.

The Panel concluded that considering the *non‐brand‐loyal* scenario, the mean and the 95th percentile level did not exceed the ADI in any of the population groups and that there is no safety concern for the use of sorbitan esters (E 491, E 492, E 493, E 494 and E 495) as food additives at the reported uses and use levels.

The Panel on the request for an amendment of specifications regarding the removal of 'congealing range' concluded that, this removal would result in less characterisation of the various sorbitan esters of saturated fatty acids, but this identification parameter could be replaced by another one such as melting point.

5. Recommendations {#efs24788-sec-0071}
==================

The Panel recommended that: the European Commission should consider revising the maximum levels for sorbitan esters (E 491--495) set in Annex II to Regulation (EC) No 1333/2008 and expressing them as sorbitan equivalents.the European Commission should consider lowering the current limits for toxic elements (arsenic, cadmium, lead and mercury) in the EU specification for sorbitan monostearate (E 491), sorbitan tristearate (E 492), sorbitan monolaurate (E 493), sorbitan monooleate (E 494) and sorbitan monopalmitate (E 495) in order to ensure that they will not be a significant source of exposure to those toxic elements in food.data on the uses and use levels as well as analytical data on the actual presence of sorbitan esters (E 491--495), including information on their use according to Annex III to Regulation 1333/2008, should be provided in order to perform a more realistic refined exposure assessment.
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Appendix A -- Summary of the reported use levels (mg/kg or mg/L as appropriate) of sorbitan esters (E 491--495) provided by industry {#efs24788-sec-0074}
====================================================================================================================================

Food Category NumberFood category nameMPLRestrictions/exceptionsNTypical mean (range)MaxInformation provided by01.8Dairy analogues, including beverage whiteners5,000Only milk and cream analogues25,0005,000ELC (2010)01.8Dairy analogues, including beverage whiteners5,000Only milk and cream analogues13,0005,000FDE (2011)02.2.2Other fat and oil emulsions including spreads as defined by Council Regulation (EC) No 1234/2007 and liquid emulsions10,00015,00010,000ELC (2010)02.2.2Other fat and oil emulsions including spreads as defined by Council Regulation (EC) No 1234/2007 and liquid emulsions10,000[a](#efs24788-note-1026){ref-type="fn"}12,5002,500FDE (2013)03Edible ices5001500500ELC (2010)04.2.5.2Jam, jellies and marmalades and sweetened chestnut purée as defined by Directive 2001/113/EC25Only jelly and marmalade112.525ELC (2010)04.2.5.2Jam, jellies and marmalades and sweetened chestnut purée as defined by Directive 2001/113/EC25Only jelly and marmalade11.653.3FDE (2011)05.1Cocoa and chocolate products as covered by Directive 2000/36/EC10,000110,00010,000ELC (2010)05.1Cocoa and chocolate products as covered by Directive 2000/36/EC10,00012,0004,000FDE (2011)05.1Cocoa and chocolate products as covered by Directive 2000/36/EC10,00012,9605,100MARS (2010)05.2Other confectionery including breath refreshening microsweets5,000Only sugar confectionery12,5005,000ELC (2010)05.2Other confectionery including breath refreshening microsweets5,000Only sugar confectionery14,0005,000FDE (2011)05.3Chewing gum5,00055005,000ICGA (2012)05.3Chewing gum5,00012,5005,000ELC (2010)05.4Decorations, coatings and fillings, except fruit‐based fillings covered by category 4.2.45,000[a](#efs24788-note-1026){ref-type="fn"}12,5005,000ELC (2010)05.4Decorations, coatings and fillings, except fruit‐based fillings covered by category 4.2.45,00032,0933,700FDE (2013)07.2Fine bakery wares10,000110,00010,000ELC (2010)07.2Fine bakery wares10,00011,5759,000FDE (2011)12.6Sauces5,000Only emulsified sauces15,0005,000ELC (2010)12.8Yeast and yeast productsQSOnly dry yeast and yeast for baking[a](#efs24788-note-1026){ref-type="fn"}19,0009,000ELC (2010)12.8Yeast and yeast productsQSOnly dry yeast and yeast for baking78,19313,000FDE (2013)13.3Dietary foods for weight control diets intended to replace total daily food intake or an individual meal (the whole or part of the total daily diet)5,00012,5005,000ELC (2010)14.1.5.2Other non‐alcoholic beverages500Only liquid tea concentrates and liquid fruit and herbal infusion concentrates1250500ELC (2010)16Desserts excluding products covered in categories 1, 3 and 45,00012,5005,000ELC (2010)16Desserts excluding products covered in categories 1, 3 and 45,000[a](#efs24788-note-1026){ref-type="fn"}21,4752,500FDE (2013)17.1Food supplements supplied in a solid form including capsules and tablets and similar forms, excluding chewable formsQS15,0005,000ELC (2010)17.1Food supplements supplied in a solid form including capsules and tablets and similar forms, excluding chewable formsQS[a](#efs24788-note-1026){ref-type="fn"}10.50.9FSE (2014)17.3Food supplements supplied in a syrup‐type or chewable formQS15,0005,000ELC (2010)[^1][^2]

Appendix B -- Number and percentage of food products labelled with sorbitan esters (E 491--495) out of the total number of food products present in Mintel GNPD per food subcategory between 2011 and 2016 {#efs24788-sec-0075}
==========================================================================================================================================================================================================

Food sub‐category[a](#efs24788-note-1027){ref-type="fn"}Total number of productsProducts labelled with sorbitan esters (E 491--495)Number%Cakes, pastries & sweet goods10,0833223.2Baking ingredients & mixes6,5531282.0Non‐individually wrapped chocolate pieces4,083551.3Chocolate countlines1,883231.2Other chocolate confectionery23020.9Sweet biscuits/cookies13,5481030.8Individually wrapped chocolate pieces2,038140.7Rice snacks30620.7Pizzas3,174180.6Dessert toppings47530.6Seasonal chocolate4,344230.5Snack/cereal/energy bars3,695170.5Other sugar confectionery87640.5Dairy‐based frozen products5,738210.4Flavoured milk1,12340.4Other frozen desserts1,21440.3Popcorn83320.2Liquorice60810.2Marshmallows41210.2Bread & bread products7,93840.1Chocolate tablets6,17970.1Chilled desserts4,74950.1Wet soup2,97820.1Sandwiches/wraps1,86720.1Meal kits1,54210.1Toffees, caramels & nougat1,53310.1Snack mixes1,18910.1Margarine & other blends84210.1RTD (iced) coffee68810.1Fish products9,49510Pasta7,37210Cold cereals4,68010Savoury biscuits/crackers3,68710Hors d\'oeuvres/canapes3,08110Shelf‐stable desserts2,42810Meat pastes & pates2,37110**Total sample123,8357790.6** [b](#efs24788-note-1028){ref-type="fn"}[^3][^4]

Appendix C -- Concentration levels of sorbitan esters (E 491--495) used in the regulatory maximum level exposure assessment scenario and the refined exposure scenario (mg/kg or mL/kg as appropriate) {#efs24788-sec-0076}
======================================================================================================================================================================================================

FCS Category numberFCS Food categoryRestrictions/exceptionMPLConcentration levels used in the refined exposure assessment scenario (only reported use levels)CommentsMeanMaximum01.4Flavoured fermented milk products including heat‐treated products5,000----Not taken into account in refined exposure scenario (no use data available)01.8Dairy analogues, including beverage whiteners (only milk and cream analogues)Only milk and cream analogues5,0003,0005,00002.2.2Other fat and oil emulsions including spreads as defined by Council Regulation (EC) No 1234/2007 and liquid emulsions10,0002,5002,50003Edible ices500----Not taken into account in refined exposure scenario (no use data available)04.2.5.2Jam, jellies and marmalades and sweetened chestnut purée as defined by Directive 2001/113/ECOnly jelly and marmalade251.653.305.1Cocoa and Chocolate products as covered by Directive 2000/36/EC10,0002,4805,10005.2Other confectionery including breath freshening microsweetsOnly sugar confectionery5,0004,0005,00005.2Other confectionery including breath freshening microsweetsOnly cocoa‐based confectionery10,000----Not taken into account in refined exposure scenario (no use data available)05.3Chewing gum5,0005005,00005.4Decorations, coatings and fillings, except fruit‐based fillings covered by category 4.2.45,000----Not taken into account in both exposure scenarios (no consumption data available)05.4Decorations, coatings and fillings, except fruit‐based fillings covered by category 4.2.4Only cocoa‐based confectionery10,000----Not taken into account in both exposure scenarios (no consumption data available)07.2Fine bakery wares10,0001,5759,00012.6SaucesOnly emulsified sauces5,000----Not taken into account in refined exposure scenario (no use data available)12.8Yeast and yeast productsOnly dry yeast and yeast for baking13,0008,19313,00013.2Dietary foods for special medical purposes defined in Directive 1999/21/EC (excluding products from food category 13.1.5)5,000----Not taken into account in refined exposure scenario (no use data available)13.3Dietary foods for weight control diets intended to replace total daily food intake or an individual meal (the whole or part of the total daily diet)5,000----Not taken into account in refined exposure scenario (no use data available)14.1.5.2Other non‐alcoholic beveragesOnly liquid tea concentrates and liquid fruit and herbal infusion concentrates500----Not taken into account in refined exposure scenario (no use data available)16Desserts excluding products covered in categories 1, 3 and 45,0001,4752,50017.1Food supplements supplied in a solid form including capsules and tablets and similar forms, excluding chewable forms5,0000.50.917.2Food supplements supplied in a liquid formQS[a](#efs24788-note-1030){ref-type="fn"}----Not taken into account in refined exposure scenario (no use data available)17.3Food supplements supplied in a syrup‐type or chewable form5,000----Not taken into account in refined exposure scenario (no use data available)[^5][^6]

Appendix D -- Main food categories contributing to exposure to sorbitan esters (E 491--495) according to the regulatory maximum level exposure assessment scenario {#efs24788-sec-1077}
==================================================================================================================================================================

D.1. Main food categories contributing to exposure to sorbitan esters (E 491--495) using maximum permitted levels (\> 5% to the total mean exposure) and number of surveys in which each food category is contributing {#efs24788-sec-0077}
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Food category numberFood category nameInfantsToddlersChildrenAdolescentsAdultsThe elderlyRange of % contribution to the total exposure (number of surveys)[a](#efs24788-note-1031){ref-type="fn"}01.4Flavoured fermented milk products including heat‐treated products6.2--58.7 (6)5.6--82.6 (10)7.5--56.1 (16)6.4--43.3 (15)6.7--23.6 (15)8.6--18 (11)01.8Dairy analogues, including beverage whiteners6.3 (1)----------02.2.2Other fat and oil emulsions including spreads as defined by Council Regulation (EC) No 1234/2007 and liquid emulsions12.5--23.8 (2)6.5--13.4 (4)6.2--19.4 (7)5.9--21.5 (7)6.2--23.4 (7)5.4--26.9 (10)05.1Cocoa and chocolate products as covered by Directive 2000/36/EC29.8 (1)6.3--12.2 (4)5.2--23.4 (13)5--27.3 (17)5.2--17.5 (10)11.1 (1)05.2Other confectionery including breath refreshening microsweets----5.2--10 (4)5.4--10.5 (4)7.9 (1)--07.2Fine bakery wares13.8--75.7 (4)5.9--83.3 (10)15.9--85.4 (17)13.8--77.5 (16)20.4--73.2 (17)25.1--74.2 (14)14.1.5.2Other non‐alcoholic beverages17.5--28.8 (3)6.7--11 (2)5.4--13.1 (5)5.6--18.5 (8)6.5--35.9 (14)7.5--45 (14)16Desserts excluding products covered in categories 1, 3 and 48.1--22.8 (3)5.8--16.1 (7)5.3--13.3 (10)5.2--9.9 (5)5.4--13.1 (5)6.6--12 (5)17Food supplements as defined in Directive 2002/46/EC excluding food supplements for infants and young children10.9 (1)----------[^7]

D.2. Main food categories contributing to exposure to sorbitan esters (E 491--495) using the brand‐loyal refined exposure scenario (\> 5% to the total mean exposure) and number of surveys in which each food category is contributing {#efs24788-sec-0078}
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Food category numberFood category nameInfantsToddlersChildrenAdolescentsAdultsThe elderlyRange of % contribution to the total exposure (number of surveys)[a](#efs24788-note-1032){ref-type="fn"}01.8Dairy analogues, including beverage whiteners42.5 (1)19.1 (1)11.3 (1)7.5 (1)----02.2.2Other fat and oil emulsions including spreads as defined by Council Regulation (EC) No 1234/2007 and liquid emulsions14.1--39.9 (2)11.8--15.2 (2)12.7--24.7 (2)13.3--19.9 (2)5.6--15.2 (5)5.3--17.5 (7)05.1Cocoa and chocolate products as covered by Directive 2000/36/EC100 (1)5--12.2 (3)5.2--20.8 (8)5.2--24.5 (6)9.5--14.5 (3)9 (1)05.2Other confectionery including breath refreshening microsweets--14.3 (1)5.4--30.9 (6)5.3--36.1 (5)5.3--18 (2)5.8--8.5 (2)07.2Fine bakery wares13.8--99.8 (5)51.6--98 (10)36.4--97.3 (17)29--96.3 (16)46.9--96.4 (17)62.6--97.7 (14)12.8Yeast and yeast products--7 (1)9.2 (1)6.2--12.1 (2)----16Desserts excluding products covered in categories 1, 3 and 46.6--23.9 (3)6.5--17.6 (7)5.1--13.1 (7)5.2--6.8 (2)7.1--8.4 (3)6.1--10.8 (4)[^8]

D.3. Main food categories contributing to exposure to sorbitan esters (E 491--495) using the non‐brand‐loyal refined exposure scenario (\> 5% to the total mean exposure) and number of surveys in which each food category is contributing {#efs24788-sec-0079}
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Food category numberFood category nameInfantsToddlersChildrenAdolescentsAdultsThe elderlyRange of % contribution to the total exposure (number of surveys)[a](#efs24788-note-1033){ref-type="fn"}01.8Dairy analogues, including beverage whiteners36.5 (1)26 (1)9.1 (1)6.8 (1)----02.2.2Other fat and oil emulsions including spreads as defined by Council Regulation (EC) No 1234/2007 and liquid emulsions6.2--57 (3)13--33.3 (4)8.4--29.8 (7)5.7--24 (9)6--40.8 (12)7.3--43.1 (11)05.1Cocoa and chocolate products as covered by Directive 2000/36/EC5.3--100 (3)7--26 (6)5.1--24.8 (17)7.4--27.2 (17)5.1--21.2 (17)5.5--16 (10)05.2Other confectionery including breath refreshening microsweets--5.7--25.5 (5)5.3--33.9 (14)6.9--35.6 (13)5--28.9 (8)6.7--17.2 (3)07.2Fine bakery wares22.7--98.8 (4)17.6--89.2 (10)10.6--86.1 (17)8.3--81.5 (16)14.6--81.9 (17)23--88.4 (14)12.8Yeast and yeast products--5.2--11.9 (2)5.5--10.4 (2)6.6--13.5 (3)5.4--11.7 (4)5.6--7.3 (2)16Desserts excluding products covered in categories 1, 3 and 422.3--48.4 (3)5.7--37.1 (8)5.4--32.1 (12)5.1--18.7 (11)5--25 (12)5--26.6 (10)[^9]

Appendix E -- Summary of total estimated exposure of sorbitan esters (E 491--495) from their use as food additives for the maximum level exposure scenario and the refined exposure assessment scenarios per population group and survey: mean and 95th percentile (mg/kg bw per day) {#efs24788-sec-0080}
=====================================================================================================================================================================================================================================================================================

Number of subjectsMPL scenarioBrand‐Loyal scenarioNon‐Brand‐Loyal scenarioMeanP95MeanP95MeanP95**Infants**Bulgaria (NUTRICHILD)65917.666.012.051.42.19.0Germany (VELS)15918.274.37.935.91.96.9Denmark (IAT 2006_07)82616.775.43.413.01.55.5Finland (DIPP_2001_2009)5000.20.40.03\<0.010.02\<0.01United Kingdom (DNSIYC_2011)1,36913.657.05.826.51.99.5Italy (INRAN_SCAI_2005_06)124.2--0.6--0.3--**Toddlers**Belgium (Regional_Flanders)3676.5--29.4--9.4--Bulgaria (NUTRICHILD)42843.5103.433.381.76.114.6Germany (VELS)34853.4108.625.358.77.216.0Denmark (IAT 2006_07)91731.883.97.819.53.67.8Spain (enKid)1754.1--17.2--6.1--Finland (DIPP_2001_2009)50026.1101.02.610.11.23.7United Kingdom (NDNS‐RollingProgrammeYears1‐3)18540.690.924.861.86.415.3United Kingdom (DNSIYC_2011)1,31430.880.118.051.24.814.6Italy (INRAN_SCAI_2005_06)3637.6--20.2--4.3--Netherlands (VCP_kids)32288.9211.229.771.310.624.1**Children**Austria (ASNS_Children)12834.391.723.757.95.014.0Belgium (Regional_Flanders)62573.7164.029.065.79.119.8Bulgaria (NUTRICHILD)43343.3100.834.486.36.515.4Czech Republic (SISP04)38948.0102.625.059.97.216.5Germany (EsKiMo)83526.561.212.434.64.19.5Germany (VELS)29352.097.826.559.07.615.3Denmark (DANSDA 2005‐08)29821.454.07.017.33.67.5Spain (enKid)15643.5105.119.457.55.514.4Spain (NUT_INK05)39944.897.517.242.44.410.7Finland (DIPP_2001_2009)75032.073.44.711.53.68.1France (INCA2)48254.2102.933.368.19.018.1United Kingdom (NDNS‐RollingProgrammeYears1‐3)65136.678.225.161.15.813.7Greece (Regional_Crete)83841.488.730.973.76.013.8Italy (INRAN_SCAI_2005_06)19331.972.622.652.84.711.7Latvia (EFSA_TEST)18733.087.621.257.75.014.6Netherlands (VCP_kids)95778.4183.426.766.98.919.9Netherlands (VCPBasis_AVL2007_2010)44758.7126.525.162.47.716.8Sweden (NFA)1,47351.1109.624.758.05.812.6**Adolescents**Austria (ASNS_Children)23717.545.412.535.62.56.5Belgium (Diet_National_2004)57618.343.411.230.42.77.4Cyprus (Childhealth)30313.132.19.526.52.35.8Czech Republic (SISP04)29829.871.118.146.24.210.2Germany (National_Nutrition_Survey_II)1,01117.449.19.133.22.27.2Germany (EsKiMo)39319.044.09.026.32.96.5Denmark (DANSDA 2005‐08)37710.927.43.810.52.14.8Spain (AESAN_FIAB)8615.539.89.625.32.46.2Spain (enKid)20921.950.712.536.03.28.3Spain (NUT_INK05)65122.147.911.029.22.76.8Finland (NWSSP07_08)30613.529.82.65.81.94.1France (INCA2)97326.761.117.242.34.410.1United Kingdom (NDNS‐RollingProgrammeYears1‐3)66621.150.614.537.83.17.4Italy (INRAN_SCAI_2005_06)24718.247.413.334.72.77.3Latvia (EFSA_TEST)45323.161.314.741.03.410.1Netherlands (VCPBasis_AVL2007_2010)1,14234.375.416.039.34.710.3Sweden (NFA)1,01830.364.916.741.83.98.9**Adults**Austria (ASNS_Adults)30819.049.012.535.92.67.0Belgium (Diet_National_2004)1,29215.537.97.925.02.36.1Czech Republic (SISP04)1,66613.437.38.828.21.95.6Germany (National_Nutrition_Survey_II)10,41917.344.48.427.32.05.8Denmark (DANSDA 2005‐08)1,7397.516.72.66.61.22.7Spain (AESAN)41011.932.26.521.91.85.4Spain (AESAN_FIAB)98110.829.16.620.31.75.0Finland (FINDIET2012)1,29517.241.77.622.52.15.8France (INCA2)2,27615.735.09.524.02.35.7United Kingdom (NDNS‐RollingProgrammeYears1‐3)1,26616.637.48.222.91.74.7Hungary (National_Repr_Surv)1,0747.320.12.29.10.92.8Ireland (NANS_2012)1,27415.736.06.217.41.43.8Italy (INRAN_SCAI_2005_06)2,3139.226.26.319.21.33.7Latvia (EFSA_TEST)1,27112.536.37.927.51.85.7Netherlands (VCPBasis_AVL2007_2010)2,05722.150.19.023.72.86.9Romania (Dieta_Pilot_Adults)1,2543.711.31.76.00.61.8Sweden (Riksmaten 2010)1,43015.838.58.927.02.26.0**The elderly**Austria (ASNS_Adults)9217.440.311.831.52.35.7Belgium (Diet_National_2004)1,21515.135.37.320.52.56.4Germany (National_Nutrition_Survey_II)2,49617.944.88.927.32.05.8Denmark (DANSDA 2005‐08)2867.317.82.56.81.02.2Finland (FINDIET2012)41315.539.18.322.62.15.7France (INCA2)34812.030.57.019.21.84.7United Kingdom (NDNS‐RollingProgrammeYears1‐3)30519.641.28.324.01.95.2Hungary (National_Repr_Surv)2867.319.22.811.70.92.7Ireland (NANS_2012)22619.842.46.919.71.64.3Italy (INRAN_SCAI_2005_06)5187.120.14.913.60.92.7Netherlands (VCPBasis_AVL2007_2010)17320.642.98.920.72.66.2Netherlands (VCP‐Elderly)73921.239.88.117.42.86.1Romania (Dieta_Pilot_Adults)1284.39.71.65.10.51.6Sweden (Riksmaten 2010)36716.737.710.725.72.35.3[^10]
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[^1]: FCS: Food Categorisation System; FDE: FoodDrinkEurope; ELC: Federation of European Speciality Food Ingredient Industries; ICGA: the International Chewing Gum Association; FSE: Food Supplement Europe; MPL: maximum permitted level; QS*: quantum satis*.

[^2]: Nice product(s).

[^3]: According to Mintel food categorisation.

[^4]: In total, around 0.6% of the foods available on the Mintel GNPD are labelled with sorbitan esters (E 491--495) between 2011 and 2016.

[^5]: FCS: Food Categorisation System; MPL: maximum permitted level; QS: *quantum satis*.

[^6]: A level of 5,000 mg/kg was use in the maximum scenario.

[^7]: The total number of surveys may be greater than the total number of countries as listed in Table [3](#efs24788-tbl-0003){ref-type="table"}, as some countries submitted more than one survey for a specific population.

[^8]: The total number of surveys may be greater than the total number of countries as listed in Table [3](#efs24788-tbl-0003){ref-type="table"}, as some countries submitted more than one survey for a specific population.

[^9]: The total number of surveys may be greater than the total number of countries as listed in Table [3](#efs24788-tbl-0003){ref-type="table"}, as some countries submitted more than one survey for a specific population.

[^10]: MPL: maximum permitted level; bw: body weight; P95, 95th percentile.
